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GENE CLASSIFIERS AND USES THEREOFK
IN SKIN CANCERS

CROSS-REFERENC.

L1

This application claims the benefit of U.S. Provisional
Application No. 62/824,136, filed Mar. 26, 2019, which
application 1s incorporated herein by reference 1n 1ts entirety.

BACKGROUND OF THE DISCLOSURE

Skin diseases are some of the most common human
1llnesses and represent an important global burden in health-
care. Three skin diseases are in the top ten most prevalent
diseases worldwide, and eight fall into the top 50. When
considered collectively, skin conditions range from being
the second to the 11th leading causes of years lived with

disabaility.

SUMMARY OF THE

DISCLOSURE

Disclosed herein, in certain embodiments, 1s a method of
detecting the presence of a skin cancer based on molecular
risk factors. In some instances, the skin cancer 1s a non-
Hodgkin lymphoma. In some instances, the skin cancer 1s
cutaneous T cell lymphoma (CTCL). In some instances, the
non-Hodgkin lymphoma 1s CTCL. In some cases, the skin
cancer 1s mycosis fungoides (MF) or Sezary syndrome (SS).

Disclosed herein, in certain embodiments, 1s a method of
detecting gene expression level of FYN binding protein
(FYB), IL2 inducible T-cell kinase (I'TK), interleukin 26
(IL26), signal transducer and activator of transcription 5A
(STATSA), TRAF3 interacting protein 3 (TRAF3IP3), gran-
ulysin (GNLY), dynamin 3 (DNM3), tumor necrosis factor
superfamily member 11 (INFSF11), or a combination
thereol 1n a subject 1n need thereol, comprising: (a) 1solating,
nucleic acids from a skin sample obtained from the subject,
wherein the skin sample comprises cells from the stratum
corneum; and (b) detecting the expression levels of FYB,
I'TK, IL26, STAT5A, TRAF3IP3, GNLY, DNM3, TNFSF11,
or a combination thereot, by contacting the 1solated nucleic
acids with a set of probes that recognizes FYB, I'TK, 1126,
STATSA, TRAF3IP3, GNLY, DNM3, TNFSF11, or a com-
bination thereof, and detects binding between FYB, ITK,
I1.26, STAT5A, TRAF3IP3, GNLY, DNM3, TNFSF11, or a
combination thereof and the set of probes. In some embodi-
ments, the method comprises detecting the expression levels
of ITK, STAT5A, and TNFSF11. In some embodiments, the
method comprises detecting the expression levels of ITK,
IL.26, STATSA, and TNFSF11. In some embodiments, the

method comprises detecting the expression levels of FYB,
ITK, IL.26, STAT5A, and TNFSF11. In some embodiments,

the method comprises detecting the expression levels of
FYB, ITK, 1L26, STATSA, TRAF3IP3, and TNFSF11. In
some embodiments, the method comprises detecting the
expression levels of FYB, I'TK, IL26, STAT5A, TRAF3IP3,
DNM3, and TNFSF11. In some embodiments, the method
comprises detecting the expression levels of FYB, ITK,
IL.26, STATSA, TRAF3IP3, GNLY, DNM3, and TNFSF11.
In some embodiments, the expression level 1s an elevated
gene expression level, compared to a gene expression level
of an equivalent gene from a control sample. In some
embodiments, the gene expression level of FYB, I'TK, 1126,
STATSA, TRAF3IP3, DNM3, TNFSF11, or a combination
thereol 1s elevated. In some embodiments, the expression
level 1s a down-regulated gene expression level, compared
to a gene expression level of an equivalent gene from a
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control sample. In some embodiments, the gene expression
level of GNLY 1s down-regulated. In some embodiments,
the set of probes recognizes at least one but no more than
cight genes. In some embodiments, the method turther
comprises detecting the expression levels of TOX, LEFI,
CCR4, POU2AF1, GTSF1, PLS3, MMPI2, LCK

N_JDD4L or a eembmatlen thereof In some embodiments,

the detecting comprises contacting the 1solated nucleic acids
with an additional set of probes that recognizes TOX, LEF1,
CCR4, POU2AF1, GTSF1, PLS3, MMP12, LCK,

NEDDA4L, or a eembmatlen thereof and detects binding
between TOX, LEF1, CCR4, POU2AF1, GTSF1, PLS3,

MMP12, LCK, N_JDD4L5 or a eembinatien thereef and the
additional set of probes. In some embodiments, the addi-
tional set of probes recognizes one but no more than nine
genes. In some embodiments, the cells from the stratum
corncum comprise T cells or components of T cells. In some
embodiments, the cells from the stratum corneum comprise
keratinocytes. In some embodiments, the skin sample does
not comprise melanocytes. In some embodiments, the skin
sample 1s obtained by applying an adhesive patch to a skin
region of the subject in a manner suflicient to adhere cells to
the adhesive pateh and removing the adhesive patch from
the skin region 1n a manner suflicient to retain the adhered
cells to the adhesive patch. In some embodiments, the skin
sample 1s obtained by applying a plurahty of adhesive
patches to a skin region of the subject 1n a manner suilicient
to adhere cells to each of the adhesive patches, and removing
cach of the adhesive patches from the skin region 1 a
manner suflicient to retain the adhered cells to each of the
adhesive patches. In some embodiments, the plurality of
adhesive patches comprises at least 4 adhesive patches. In
some embodiments, the skin region 1s a skin lesion region.
In some embodiments, the subject 1s suspected of having
cutancous T cell lymphoma (CTCL). In some embodiments,
the subject 1s suspected of having mycosis fungoides (MF).
In some embodiments, the subject 1s suspected of having
Sezary syndrome (SS). In some embodiments, the subject is
a human.

Disclosed herein, 1n certain embodiments, 1s a method of
detecting gene expression levels from a first gene classifier
and a second gene classifier 1n a subject 1n need thereot,
comprising: (a) 1solating nucleic acids from a skin sample
obtained from the subject, wherein the skin sample com-
prises cells from the stratum corneum; (b) detecting the

expression levels of one or more genes from the first gene
classifier: FYB, ITK, IL26, STATSA, TRAF3IP3, GNLY,

DNM3, and TNFSF11, by contacting the 1solated nucleic
acids with a set of probes that recognizes one or more genes
from the first gene classifier, and detects binding between
one or more genes from the first gene classifier and the set
of probes; and (c¢) detecting the expression levels of one or
more genes from the second gene classifier: TOX, LEFI1,
CCR4, POU2AF1, GTSF1, PLS3, MMPI12, LCK, and
NEDDA4L, by contacting the 1selated nucleic acids with an
additional set of probes that recognizes one or more genes
from the second gene classifier, and detects binding between
one or more genes rom the second gene classifier and the
additional set of probes. In some embodiments, the method
comprises detecting the expression levels of ITK, STATSA,
and TNFSF11 from the first gene classifier. In some embodi-
ments, the method comprises detecting the expression levels
of ITK, IL26, STAT5A, and TNFSF11 from the first gene
classifier. In some embodiments, the method comprises
detecting the expression levels of FYB, ITK, IL26,
STATS5A, and TNFSF11 from the first gene classifier. In

some embodiments, the method comprises detecting the
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expression levels of FYB, I'TK, IL26, STAT5A, TRAF3IP3,
and TNFSF11 from the first gene classifier. In some embodi-
ments, the method comprises detecting the expression levels
of FYB, ITK, IL26, STAT3A, TRAF3IP3, DNM3, and
TNFSF11 from the first gene classifier. In some embodi-
ments, the method comprises detecting the expression levels
of FYB, ITK, IL26, STAT5A, TRAF3IP3, GNLY, DNM3,
and TNFSF11 from the first gene classifier. In some embodi-
ments, the expression level 1s an elevated gene expression
level, compared to a gene expression level of an equivalent

gene from a control sample. In some embodiments, the gene

expression level of FYB, I'TK, 1L26, STAT5A, TRAF3IP3,
DNM3, TNFSF11, or a combination thereof 1s elevated. In
some embodiments, the expression level 1s a down-regulated
gene expression level, compared to a gene expression level
of an equivalent gene from a control sample. In some
embodiments, the gene expression level of GNLY 1s down-
regulated. In some embodiments, the set of probes recog-
nizes at least one but no more than eight genes. In some
embodiments, the additional set of probes recognizes one
but no more than nine genes. In some embodiments, the
nucleic acids comprise RNA, DNA, or a combination
thereof. In some embodiments, the RNA 1s mRNA. In some
embodiments, the RNA 1s cell-free circulating RNA. In
some embodiments, the cells from the stratum corneum
comprise T cells or components of T cells. In some embodi-
ments, the cells from the stratum corneum comprise kera-
tinocytes. In some embodiments, the skin sample does not
comprise melanocytes. In some embodiments, the skin
sample 1s obtained by applying an adhesive patch to a skin
region of the subject in a manner sutlicient to adhere cells to
the adhesive patch, and removing the adhesive patch from
the skin region 1n a manner suflicient to retain the adhered
cells to the adhesive patch. In some embodiments, the skin
sample 1s obtamned by applying a plurality of adhesive
patches to a skin region of the subject in a manner suflicient
to adhere cells to each of the adhesive patches, and removing,
cach of the adhesive patches from the skin region in a
manner suflicient to retain the adhered cells to each of the
adhesive patches. In some embodiments, the plurality of
adhesive patches comprises at least 4 adhesive patches. In
some embodiments, the skin region 1s a skin lesion region.
In some embodiments, the subject 1s suspected of having
cutaneous T cell lymphoma (CTCL). In some embodiments,
the subject 1s suspected of having mycosis fungoides (MF).
In some embodiments, the subject 1s suspected of having
Sezary syndrome (SS). In some embodiments, the subject is
a human.

Disclosed herein, in certain embodiments, 1s a method of
determining the presence of cutaneous T cell lymphoma
(CTCL) 1n a skin sample, comprising: identifying a subject
suspected of having CTCL; 1solating nucleic acids from a
skin sample obtained from the subject by applying an
adhesive patch to a skin region of the subject in a manner
suilicient to adhere skin sample cells to the adhesive patch,
and removing the adhesive patch from the skin sample 1n a
manner suilicient to retain the adhered skin sample cells to
the adhesive patch, wherein the skin sample cells comprise
cells from the stratum corneum; and detecting an expression
level of at least one target gene known to be upregulated or
downregulated 1n subjects with CTCL, by contacting the
1solated nucleic acids with a set of probes that recognize the
target gene, and detecting binding between the at least one
target gene and the set of probes. In some embodiments, the
nucleic acids comprise mRNA. In some embodiments, the
cells from the stratum corneum comprise T cells or compo-
nents of T cells. In some embodiments, the cells from the
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stratum corneum comprise keratinocytes. In some embodi-
ments, the skin sample does not comprise melanocytes. In
some embodiments, the skin sample 1s obtained by applying
a plurality of adhesive patches to the skin region of the
subject 1n a manner suflicient to adhere skin sample cells to
cach of the adhesive patches, and removing each of the
plurality of adhesive patches from the skin region i a
manner suiflicient to retain the adhered skin sample cells to
cach of the adhesive patches. In some embodiments, the skin
region comprises a skin lesion. Some embodiments include
determining whether the subject has CTCL based on the
expression level of the at least one target gene. Some
embodiments include administering a CTCL treatment to the
subject based on the determination of whether the subject
has CTCL. In some embodiments, the CTCL treatment
comprises a steroid, interferon, chemotherapy, phototherapy,
radiation therapy, or a bone marrow transplant. In some
embodiments, the subject has CTCL. In some embodiments,
the CTCL comprises mycosis fungoides. In some embodi-
ments, the CTCL comprises Sézary syndrome. In some
embodiments, the subject 1s a human. In some embodiments,
the expression level 1s upregulated compared to a gene
expression level of an equivalent gene from a control
sample. In some embodiments, the expression level 1s down-
regulated compared to a gene expression level of an equiva-
lent gene from a control sample. In some embodiments, the
at least one target gene comprises a gene encoding an
adapter protein, a gene encoding a tyrosine kinase, a gene
encoding an interleukin, a gene encoding a transcription
factor, a gene encoding a TNF receptor associated factor
protein, a gene encoding a TNF, a gene encoding a TNF
superfamily member, a gene encoding a saposin-like pro-
tein, a gene encoding a GTP-binding protein, a gene encod-
ing a chromatin associated protein, a gene encoding a
G-protein-coupled receptor, a gene encoding a transcrip-
tional coactivator, a gene encoding a spermatogenesis pro-
tein, a gene encoding an actin-binding protein, a gene
encoding a matrix metalloproteinase, a gene encoding a
FYN-binding protein family member, a gene encoding a
TEC kinase family member, a gene encoding a STAT, a gene
encoding a TRAF3 interacting protein, a gene encoding a
dynamin family member, a gene encoding a ubiquitin ligase,
a gene encoding a thymocyte selection associated high
mobility group box family member, a gene encoding a
lymphoid enhancer binding factor family member, a gene
encoding a C-C chemokine receptor type family member, a
gene encoding an Oct binding factor family member, a gene
encoding an gametocyte-specific family member, a gene
encoding a plastin family member, a gene encoding a
lymphocyte-specific protein tyrosine kinase family member,
a gene encoding a member of the NEDD4 family of E3
HECT domain ubiquitin ligases, a gene encoding a C-C
motif chemokine ligand family member, a gene encoding a
chemokine, or a gene encoding a CXC chemokine, or a
combination thereof. In some embodiments, the at least one
target gene comprises a gene encoding a saposin-like pro-
tein, a gene encoding a FYN-binding protein family mem-
ber, a gene encoding a TEC kinase family member, a gene
encoding a STAT, a gene encoding a TRAF3 interacting
protein, a gene encoding a CXC chemokine family member,
or a combination thereof. In some embodiments, the at least
one target gene comprises a gene encoding modulator of cell
death, a gene encoding an antimicrobial, a gene encoding a
cytokine, or a gene encoding a DNA-binding protein, or a

combination thereof. In some embodiments, the at least one
target gene comprises FYB, GNLY, ITK, STATS,

TRAF3IP3, CXCL10, CXCLS8, and/or TNF, or a combina-
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tion thereof. In some embodiments, the at least one target
gene comprises a gene encoding a microRNA. In some
embodiments, the microRNA comprises miR-21, miR-29b,
miR-155, miR-186, miR-214, or miR-221. Some embodi-
ments further comprise detecting the presence at least one
genotype of one more additional target genes known to be
mutated 1 subjects with CT'CL, 1n the nucleic acids or 1in a
separate set of nucleic acids 1solated from the skin sample.
In some embodiments, the nucleic acids or the separate set
of nucleic acids comprise DNA. In some embodiments,
determining whether the subject has CTCL further com-
prises determining whether the subject has CTCL based on
the presence of the at least one genotype. In some embodi-
ments, the one or more additional target genes comprise
TP53, ZEBI1, ARIDIA, DNMT3A, CDKN2A, FAS,
STATSB, PRKCQ, RHOA, DNMT3A, PLCGI, or NFKB2.

Disclosed herein, 1n certain embodiments, 1s a method of
treating a subject with cutaneous T cell lymphoma (CTCL),
comprising: 1dentifying a subject suspected of having
CTCL; 1solating nucleic acids from a skin sample obtained
from the subject by applying an adhesive patch to a skin
region of the subject in a manner suflicient to adhere skin
sample cells to the adhesive patch, and removing the adhe-
sive patch from the skin sample 1n a manner suthlicient to
retain the adhered skin sample cells to the adhesive patch,
wherein the skin sample cells comprise cells from the
stratum corneum; detecting an expression level of at least
one target gene known to be upregulated or downregulated
in subjects with CTCL, by contacting the 1solated nucleic
acids with a set of probes that recognize the target gene, and
detecting binding between the at least one target gene and
the set of probes; determining whether the subject has CTCL
based on the expression level of the at least one target gene;
and administering a C1'CL treatment to the subject when the
subject 1s determined to have C'TCL based on the expression
level of the at least one target gene, and not administering
the CTCL treatment to the subject when the subject 1s not
determined to have CTCL based on the expression level of
the at least one target gene. In some embodiments, the
nucleic acids comprise mRNA. In some embodiments, the
cells from the stratum corneum comprise T cells or compo-
nents of T cells. In some embodiments, the cells from the
stratum corneum comprise keratinocytes. In some embodi-
ments, the skin sample does not comprise melanocytes. In
some embodiments, the skin sample 1s obtained by applying
a plurality of adhesive patches to the skin region of the
subject 1n a manner suflicient to adhere skin sample cells to
cach of the adhesive patches, and removing each of the
plurality of adhesive patches from the skin region in a
manner suflicient to retain the adhered skin sample cells to
cach of the adhesive patches. In some embodiments, the skin
region comprises a skin lesion. Some embodiments include
determining that the subject has CTCL based on the expres-
sion level of the at least one target gene. Some embodiments
include administering a CTCL treatment to the subject based
on the determination of whether the subject has CTCL. In
some embodiments, the CTCL treatment comprises a ste-
roid, interferon, chemotherapy, phototherapy, radiation
therapy, or a bone marrow transplant. In some embodiments,
the skin sample comprises a CTCL skin lesion. In some
embodiments, the CTCL comprises mycosis fungoides. In
some embodiments, the CTCL comprises Sezary syndrome.
In some embodiments, the subject 1s a human. In some
embodiments, the expression level 1s upregulated compared
to a gene expression level of an equivalent gene from a
control sample. In some embodiments, the expression level
1s downregulated compared to a gene expression level of an
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equivalent gene from a control sample. In some embodi-
ments, the at least one target gene comprises a gene encod-
ing an adapter protein, a gene encoding a tyrosine kinase, a
gene encoding an interleukin, a gene encoding a transcrip-
tion factor, a gene encoding a TNF receptor associated factor
protein, a gene encoding a TNF, a gene encoding a TNF
superfamily member, a gene encoding a saposin-like pro-
tein, a gene encoding a GTP-binding protein, a gene encod-
ing a chromatin associated protein, a gene encoding a
G-protein-coupled receptor, a gene encoding a transcrip-
tional coactivator, a gene encoding a spermatogenesis pro-
tein, a gene encoding an actin-binding protein, a gene
encoding a matrix metalloproteinase, a gene encoding a
FYN-binding protein family member, a gene encoding a
TEC kinase family member, a gene encoding a STAT, a gene
encoding a TRAF3 interacting protein, a gene encoding a
dynamin family member, a gene encoding a ubiquitin ligase,
a gene encoding a thymocyte selection associated high
mobility group box family member, a gene encoding a
lymphoid enhancer binding factor family member, a gene
encoding a C-C chemokine receptor type family member, a
gene encoding an Oct binding factor family member, a gene
encoding an gametocyte-specific family member, a gene
encoding a plastin family member, a gene encoding a
lymphocyte-specific protein tyrosine kinase family member,
a gene encoding a member of the NEDD4 family of E3
HECT domain ubiquitin ligases, a gene encoding a C-C
motif chemokine ligand family member, a gene encoding a
chemokine, or a gene encoding a CXC chemokine, or a
combination thereof. In some embodiments, the at least one
target gene comprises a gene encoding a saposin-like pro-
tein, a gene encoding a FYN-binding protein family mem-
ber, a gene encoding a TEC kinase family member, a gene
encoding a STAT, a gene encoding a TRAF3 interacting
protein, a gene encoding a CXC chemokine family member,
or a combination thereotf. In some embodiments, the at least
one target gene comprises FYN binding protein (FYB), 1L2
inducible T-cell kinase (ITK), interleukin 26 (I1LL.26), signal
transducer and activator of transcription 3A (STATS5A),
TRAF3 interacting protein 3 (TRAF3IP3), granulysin
(GNLY), dynamin 3 (DNM3), or tumor necrosis factor
supertamily member 11 (TNFSF11), or a combination
thereof. In some embodiments, the at least one target gene
comprises TOX, LEF1, CCR4, POU2AF1, GTSF1, PLS3,
WP12, LCK, or NEDD4L, or a combination thereof. In
some embodiments, the at least one target gene comprises
FYB, GNLY, ITK, STATS, TRAF3IP3, CXCL10, CXCLS,
or TNF, or a combination thereof. In some embodiments, the
at least one target gene comprises a gene encoding a
microRNA. In some embodiments, the microRNA com-
prises miR-21, miR-29b, miR-155, miR-186, miR-214, or
miR-221. Some embodiments include detecting the presence
at least one genotype of one more additional target genes
known to be mutated in subjects with CTCL, 1n the nucleic
acids or 1n a separate set of nucleic acids 1solated from the
skin sample. In some embodiments, the nucleic acids or the
separate set of nucleic acids comprise DNA. In some
embodiments, determining whether the subject has CTCL
further comprises determining whether the subject has
CTCL based on the presence of the at least one genotype. In
some embodiments, the one or more additional target genes
comprise TP53, ZEB1, ARID1A, DNMT3A, CDKN2A,
FAS, STAT35B, PRKCQ, RHOA, DNMT3A, PLCGI, or
NFKB2.

Disclosed herein, in certain embodiments, 1s a kit for
determining the presence of cutaneous T cell lymphoma
(CTCL) 1 a skin sample, comprising: an adhesive patch
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comprising an adhesive matrix configured to adhere skin
sample cells from the stratum corneum of a subject; a
nucleic acid 1solation reagent; and a plurality of probes that
recognize at least one target gene known to be upregulated
or downregulated 1n subjects with CTCL.

BRIEF DESCRIPTION OF THE DRAWINGS

Various aspects of the disclosure are set forth with par-
ticularity 1n the appended claims. A better understanding of
the features and advantages of the present disclosure will be
obtained by reference to the following detailed description
that sets forth illustrative embodiments, 1n which the prin-
ciples of the disclosure are utilized, and the accompanying
drawings of which:

FIG. 1 1illustrates exemplary gene biomarkers obtained
from skin samples and tested for use as a diagnostic marker.
The °V’ denotes genes displaying differential expression
between CTCL, tumor and normal skin samples, in FFPE
tissues from biopsies, as reported in the respective study
shown 1n the top row of the Figure (left to right: Litvinov,

I. V., et al. Oncoimmunology (2017) Mar. 17; 6(5): €136618.
Dulmage, B. O. and Geskin, L. I. Br. J. Dermatol. (2013)
Dec. 169(6):1188-97. Litvinov, 1. V., et al. Cancer Med.
(2015) Sep.; 4(9):1440-7. Booken, N., et al. Leukemia
(2008) Feb.; 22(2):393-9. Shin, 1., et. al. Blood (2007) Oct.
15:110(8):3015-27).

FIG. 2 shows the expression results of 17 exemplary
genes tested 1n lesional, non-lesional, and healthy unafiected
control skin samples obtained non-invasively via adhesive
patches.

FIG. 3 shows the expression levels of exemplary target
genes normalized to housekeeping genes analyzed in paral-
lel (shown as ACt (=Ct.target—Ct.HouseKeeping).

FIG. 4 shows fold change (FC) of the target genes from
FIG. 3 in CTCL lesional skin samples compared to healthy
unaflected controls (normal skin).

FIG. S depicts a gene expression analysis.

FIG. 6 depicts average gene expression data from lesional
and non-lesional skin.

FIG. 7A 1s chart including gene expression data from
lesional and non-lesional skin.

FIG. 7B 1s chart including gene expression data from
lesional and non-lesional skin.

FIG. 8A 1s a chart depicting information about some
genes.

FIG. 8B 1s a chart depicting information about some
genes.

DETAILED DESCRIPTION OF TH.
DISCLOSURE

(Ll

Non-melanoma skin cancer (NMSC) 1s the most common
type of skin cancer and encompasses a collection of skin
cancers 1ncluding angiosarcoma, basal cell carcinoma
(BCC), cutaneous B-cell lvmphoma, cutaneous T-cell lym-
phoma (CTCL), dermatofibrosarcoma protuberans, Merkel
cell carcinoma, sebaceous carcinoma, and squamous cell
carcinoma of the skin (SCC). Cutaneous T-cell lymphoma
(CTCL) 1s a class of non-Hodgkin lymphoma due to altered
T cells. In general, the annual incidence of CTCL 1s about
0.5 per 100,000 1n the population and can be observed 1n
adults with a median age of 55-60 years. Further, there are

about 7 clinical stages for CTCL (1A, 1B, IIA, IIB, III, IVA,
and IVB).

CTCL further comprises several subtypes including, but
not limited to, mycosis fungoides (MF), Sezary syndrome
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(SS), pagetoid reticulosis, granulomatous slack skin, lym-
phomatoid papulosis, pityriasis lichenoides chronica, pityri-
asis lichenoides et varioliformis acuta, CD30+ cutaneous
T-cell lymphoma, secondary cutaneous CD30+ large cell
lymphoma, non-mycosis fungoides CD30- cutaneous large
T-cell lymphoma, pleomorphic T-cell lymphoma, Lennert
lymphoma, subcutancous T-cell lymphoma, angiocentric
lymphoma, and blastic NK-cell lymphoma. Mycosis fun-
goides (MF) 1s the most common type of CTCL and the
disease phenotype can vary among patients. Sézary syn-
drome (SS) 1s an advanced and aggressive subtype of CTCL
and 1s characterized by the presence of malignant lvmphoma
cells 1n the blood.

Heterogeneity 1s observed in the molecular changes (or
dysregulated gene expression) between CTCL patients and
in some instances within the same patient overtime. In some
cases, this heterogeneity 1s attributed to the different causes
which convert normal T cells mto malignant T cells. In
additional cases, this heterogeneity contributes to the difh-
culties 1n detecting the presence of CTCL and 1n diagnosing
a subject 1n having CTCL.

In some embodiments, disclosed herein 1s a method of
utilizing the expression level of genes 1n a gene classifier to
determine the presence of CTCL. In some cases, the method
comprises determining a change in the expression level of
genes 1n a gene classifier, 1n which the change 1s compared
to a gene expression level of an equivalent gene from a
normal sample. In additional embodiments, disclosed herein
1s a method of determining whether a subject has CTCL
based on the expression level of genes 1 a gene classifier.
Some embodiments include the use of a genotype 1n deter-
mining the presence of the CTCL.

Disclosed herein, 1n some embodiments, are methods of
determining the presence of cutaneous T cell lymphoma
(CTCL) 1n a skin sample, comprising: identifying a subject
suspected of having CTCL; 1solating nucleic acids from a
skin sample obtained from the subject by applying an
adhesive patch to a skin region of the subject in a manner
suflicient to adhere skin sample cells to the adhesive patch,
and removing the adhesive patch from the skin sample 1n a
manner suilicient to retain the adhered skin sample cells to
the adhesive patch, wherein the skin sample cells comprise
cells from the stratum corneum; and detecting an expression
level of at least one target gene known to be upregulated or
downregulated 1n subjects with CTCL, by contacting the
1solated nucleic acids with a set of probes that recognize the
target gene, and detecting binding between the at least one
target gene and the set of probes. Some embodiments
include the use of a genotype 1n determining the presence of
the CTCL.

Disclosed herein, in some embodiments, are methods of
treating a subject with cutaneous T cell lymphoma (CTCL),
comprising: identifying a subject suspected of having
CTCL; 1solating nucleic acids from a skin sample obtained
from the subject by applying an adhesive patch to a skin
region ol the subject 1n a manner suflicient to adhere skin
sample cells to the adhesive patch, and removing the adhe-
sive patch from the skin sample 1n a manner suflicient to
retain the adhered skin sample cells to the adhesive patch,
wherein the skin sample cells comprise cells from the
stratum corneum; detecting an expression level of at least
one target gene known to be upregulated or downregulated
in subjects with CTCL, by contacting the 1solated nucleic
acids with a set of probes that recognize the target gene, and
detecting binding between the at least one target gene and
the set of probes; determining whether the subject has CTCL
based on the expression level of the at least one target gene;
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and administering a CTCL treatment to the subject when the
subject 1s determined to have CTCL based on the expression
level of the at least one target gene, and not administering
the CTCL treatment to the subject when the subject 1s not
determined to have CTCL based on the expression level of
the at least one target gene. Some embodiments include the
use of a genotype 1n determining the presence of the CTCL.

Disclosed herein, in some embodiments, are kits for
determining the presence of cutaneous T cell lymphoma
(CTCL) 1 a skin sample, comprising: an adhesive patch
comprising an adhesive matrix configured to adhere skin
sample cells from the stratum corneum of a subject; a
nucleic acid 1solation reagent; and a plurality of probes. In
some embodiments, the probes recognize at least one target
gene known to be upregulated or downregulated 1n subjects
with CTCL. In some embodiments, the probes recognize a
genotype of at least one target gene known to be mutated 1n
subjects with CTCL.

The kits and methods disclosed herein have several
advantages over the prior art. An advantage of using target
genes for identifying subjects with skin cancer such as
CTCL, or for determiming the presence of a skin cancer such
as CICL 1 a skin sample, 1s the relatively low cost of
obtaining genetic data such as information about gene
expression or genotypes. An advantage of using an adhesive
tape to collect a skin sample 1s 1ts non-invasiveness.

In some cases, gene expression data, such as measured
amounts of mRNA of one or more target genes, are 1indica-
tive of a skin cancer such as CTCL. Because mRNA levels
do not always correlate with protein levels for a given gene,
an existing method that measures protein levels would not
render obvious the methods described herein. The useful-
ness ol expression levels of the various genes and type of
genes described herein 1s unexpected 1n light of such meth-
ods because of the unpredictability of whether mRNA levels
and protein levels will always align. For example, 1n one
instance a mRNA expression level for a gene may be
increased mm a CTCL skin lesion compared to a control
sample while the protein level of the gene may be
unchanged; or vice versa, a protein level may be increased
or decreased 1n a CTCL skin lesion while an mRNA level for
the same gene as the protein 1s unchanged.

Target Genes, Gene Classifiers, and Methods of Use

Disclosed herein, in some embodiments, are methods that
include measuring, detecting, or using a target gene. For
example, some embodiments relate to a method of deter-
mimng the presence ol a skin cancer such as a cutanecous T
cell lvmphoma (CTCL) based on a presence or expression
level of the target gene, and/or based on a mutation 1n the
target gene. Some embodiments relate to a method of
identifying a subject with the skin cancer (e.g. CI'CL) based
on a presence or expression level of the target gene, and/or
based on a mutation in the target gene. Some embodiments
include determining the presence of the skin cancer (e.g.
CTCL) based on a presence or expression level of the target
gene. Some embodiments include determining the presence
of the skin cancer (e.g. CTCL) based on a mutation in the
target gene. Some embodiments include the use of multiple
target genes. Some embodiments include a target gene
described in FIGS. 8A-8B. In some embodiments, the target
genes described herein are used in any method described
herein.

In some embodiments, the target gene encodes an adapter
protein. In some embodiments, the adapter protein 1s a
cytosolic adapter protein. In some embodiments, the adapter
protein acts as an adapter protein 1n a signaling cascade such
as a FYN and/or LCP2 signaling cascade. In some embodi-
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ments, the adapter protein 1s expressed by platelets, T cells,
natural killer cells, myeloid cells, and/or dendritic cells. In
some embodiments, the adapter protein i1s mvolved 1n cell
motility, proliferation, activation, and cytokine production.
A non-limiting example of such an adapter protein 1s the
protein encoded by FYB. Some embodiments include mea-
suring or detecting the presence or an amount of an mRNA
encoding one or more adaptor proteins.

In some embodiments, the adapter protein 1s a FYN-
binding protein family member. In some embodiments, the
target gene encodes a FYN-binding protein family member.
In some embodiments, the FYN-binding protein family
member 1s FYB. Some embodiments include measuring or
detecting the presence or an amount of mRNA encoding one
or more FYN-binding protein family members.

In some embodiments, the target gene encodes an
enzyme. In some embodiments, the enzyme 1s a kinase. In
some embodiments, the target gene encodes a kinase. In
some embodiments, the kinase 1s a tyrosine kinase. In some
embodiments, the target gene encodes a tyrosine kinase.
Examples of tyrosine kinases include but are not limited to
proteins encoded by ITK and LCK. Some embodiments
include multiple genes encoding tyrosine kinases as target
genes. In some embodiments, the tyrosine kinases include
ITK and LCK. Some embodiments include measuring or
detecting the presence or an amount of an mRNA encoding
one or more tyrosine kinase.

In some embodiments, the tyrosine kinase 1s an intracel-
lular tyrosine kinase. In some embodiments, the tyrosine
kinase 1s thought to play a role in T-cell proliferation and
differentiation. In some embodiments, the tyrosine kinase 1s
expressed 1 T-cells. A non-limiting example of such a
tyrosine kinase 1s the protein encoded by I'TC.

In some embodiments, the tyrosine kinase 1s a member of
the TEC family of kinases. In some embodiments, the target
gene encodes a TEC kinase family member. In some
embodiments, the TEC family member i1s the protein
encoded by ITC. Some embodiments include measuring or
detecting the presence or an amount of mRNA encoding one
or more TEC kinase family members.

In some embodiments, the tyrosine kinase 1s a lympho-
cyte-specific protein tyrosine kinase family member. In
some embodiments, the target gene encodes a lymphocyte-
specific protein tyrosine kinase family member. In some
embodiments, the lymphocyte-specific protein tyrosine
kinase family member 1s a non-receptor tyrosine kinase. In
some embodiments, the lymphocyte-specific protein tyro-
sine kinase family member 1s a member of the Src family of
protein tyrosine kinases. In some embodiments, the lym-
phocyte-specific protein tyrosine kinase family member 1s
expressed i T cells. In some embodiments, the lymphocyte-
specific protein tyrosine kinase family member 1s anchored
to a plasma membrane. In some embodiments, the lympho-
cyte-speciiic protein tyrosine kinase family member associ-
ates with cytoplasmic tails of CD4 or CDS8 co-receptors. In
some embodiments, the lymphocyte-specific protein tyro-
sine kinase family member phosphorylates an intracellular
chain of CD3 or a C-chains of a TCR complex. In some
embodiments, the lymphocyte-specific protein tyrosine
kinase family member phosphorylates ZAP-70. In some
embodiments, upon T cell activation, the lymphocyte-spe-
cific protein tyrosine kinase family member translocates
from outside a lipid rait to 1nside the lipid raft and activates
Fyn. A non-limiting example of such a lymphocyte-specific
protein tyrosine kinase family member 1s the protein
encoded by LCK. Some embodiments include measuring or
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detecting the presence or an amount of mRNA encoding one
or more lymphocyte-specific protein tyrosine kinase family
members.

In some embodiments, the enzyme 1s a matrix metallo-
proteinase. In some embodiments, the target gene encodes a
matrix metalloproteinase. In some embodiments, the matrix
metalloproteinase a member of the peptidase M10 family of
matrix metalloproteinases. In some embodiments, the matrix
metalloproteinase 1s involved 1n the breakdown of an extra-
cellular matrix. A non-limiting example of such a matrx
metalloproteinase 1s the protein encoded by WP12. Some
embodiments include measuring or detecting the presence or
an amount of mRNA encoding one or more matrix metal-
loproteinases.

In some embodiments, the enzyme 1s a ubiquitin ligase. In
some embodiments, the target gene encodes a ubiquitin
ligase. In some embodiments, the ubiquitin ligase 1s an E3
ubiquitin ligase. In some embodiments, the ubiquitin ligase

comprises a HECT domain. In some embodiments, the
ubiquitin ligase 1s a member of the Nedd4 family of HECT
domain E3 ubiquitin ligases. In some embodiments, the
ubiquitin ligase ubiquitinates an epithelial sodium channel,
a Na+-Cl-co-transporter, or a voltage gated sodium channel.
In some embodiments, the ubiquitin ligase comprises a
Ca2+-phospholipid binding domain. In some embodiments,
the ubiquitin ligase comprises a WW protein-protein inter-
action domain. A non-limiting example of such a ubiquitin
ligase 1s the protein encoded by NEDD4L. Some embodi-
ments 1nclude measuring or detecting the presence or an
amount of mRNA encoding one or more ubiquitin ligases as
described herein.

In some embodiments, the ubiquitin ligase 1s a member of
the NEDD4 family of E3 HECT domain ubiquitin ligases. In
some embodiments, the target gene encodes a member of the
NEDD4 family of E3 HECT domain ubiquitin ligases. In
some embodiments, the member of the NEDD4 family of E3
HECT domain ubiquitin ligases 1s NEDD4L. Some embodi-
ments nclude measuring or detecting the presence or an
amount of mRNA encoding one or more members of the
NEDD4 family of E3 HECT domain ubiquitin ligases.

In some embodiments, the enzyme 1s a guanosine triphos-
phate (GTP)-binding protein. In some embodiments, the
target gene encodes a GTP-binding protein. In some
embodiments, the GTP-binding protein 1s a GTPase. In
some embodiments, the GTP-binding protein 1s mnvolved 1n
actin-membrane an process such as membrane budding. In
some embodiments, the GTP-binding protein associates
with microtubules. In some embodiments, the GTP-binding,
protein 1s involved 1n vesicular transport. A non-limiting,
example of such a GTP-binding protein i1s the protein
encoded by DNM3. Some embodiments include measuring
or detecting the presence or an amount of mRNA encoding
one or more GTP-binding proteins.

In some embodiments, the GTP-binding protein 1s a
dynamin. In some embodiments, the target gene encodes a
dynamin. In some embodiments, the dynamin 1s DNM3.
Some embodiments include measuring or detecting the
presence or an amount of mRNA encoding one or more
dynamins.

In some embodiments, the target gene encodes a member
of a TNF receptor associated factor protein family. In some
embodiments, the TNF receptor associated factor protein
family member 1s TRAF3IP3. Some embodiments include
measuring or detecting the presence or an amount of mRNA
encoding one or more TNF receptor associated factor pro-
teins.
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In some embodiments, the member of a TNF receptor
associated factor protein family 1s a TRAF3 interacting
protein. In some embodiments, the target gene encodes a
TRAF3 interacting protein. In some embodiments, the
TRAF3 interacting protein mediates growth. In some
embodiments, the TRAF3 1nteracting protein modulates the
c-Jun N-terminal kinase signal transduction pathway. In
some embodiments, the TRAF3 interacting protein interacts
with a multi-protein assembly containing a phosphatase 2A
catalytic subunit. A non-limiting example of such a TRAF3
interacting protein i1s the protein encoded by TRAF3IP3.
Some embodiments include measuring or detecting the
presence or an amount of mRNA encoding one or more
TRAF3 interacting proteins.

In some embodiments, the target gene encodes a cytokine.
Examples of cytokines include but are not limited to proteins

encoded by TNFSF11, IL26, CCL27, CXCLS8, CXCL9,
CXCL10, and TNF. Examples of cytokines include but are
not limited to chemokines and interleukins. Some embodi-
ments include multiple genes encoding cytokines as target
genes. In some embodiments, the cytokines include
TNFSF11. In some embodiments, the cytokines include
IL.26. In some embodiments, the cytokines include CCL27.
In some embodiments, the cytokines imnclude CXCLS. In
some embodiments, the cytokines include CXCL9. In some
embodiments, the cytokines include CXCL10. In some
embodiments, the cytokines include TNF. In some embodi-
ments, the cytokines include 1, 2, 3, 4, 3, 6, or 7, or a range
defined by any of the aforementioned integers, of TNFSF11,
[L.26, CCL27, CXCLS8, CXCL9, CXCL10, or TNF. Some
embodiments include measuring or detecting the presence or
an amount ol an mRNA encoding one or more cytokines.

In some embodiments, the cytokine 1s a TNF superfamily
member. In some embodiments, the target gene encodes a
TNF superfamily member. In some embodiments, the TNF
superfamily member i1s mnvolved 1n inflammation. In some
embodiments, the TNF superfamily member 1s part of an
acute phase mtlammatory reaction. In some embodiments,
the TNF superfamily member comprises a TNF domain. In
some embodiments, the TNF superfamily member 1s a
pyrogen. In some embodiments, the TNF superfamily mem-
ber induces apoptosis. In some embodiments, the TNF
supertamily member 1s secreted by a macrophage. In some
embodiments, the 'TNF superfamily member binds
TNFRSFI1IA/TNFR1 and/or TNFRSFIB/TNFBR. A non-
limiting example of such a TNF superfamily member is
TNFa, the protein encoded by TNF. In some embodiments,
the cytokine 1s TNFa (encoded by TNF). Some embodi-
ments nclude measuring or detecting the presence or an
amount of mRNA encoding one or more TNF superfamily
members.

In some embodiments, the cytokine 1s a modulator of cell
death. In some embodiments, the cell death comprises or
consists of apoptosis In some embodiments, the target gene
encodes a modulator of cell death. Examples of cell death
modulators include but are not limited to proteins encoded
by IL26, GNLY, TNFSF11, and TNFE. In some embodiments,
the modulator of cell death 1s encoded by IL.26. In some
embodiments, the modulator of cell death i1s encoded by
GNLY. In some embodiments, the modulator of cell death 1s
encoded by TNFSF11. In some embodiments, the modulator
of cell death 1s encoded by TNF. Some embodiments include
multiple genes encoding modulators of cell death as target
genes. In some embodiments, the modulators of cell death
include proteins encoded by IL26 and GNLY. In some
embodiments, the modulators of cell death include proteins
encoded by GNLY and TNFSF11. In some embodiments,
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the modulators of cell death include proteins encoded by
IL.26 and TNESF11. In some embodiments, the modulators
of cell death include proteins encoded by 1L.26, GNLY, and
TNFSF11. In some embodiments, the modulators of cell
death include proteins encoded by TNE, I1L26 and GNLY. In

some embodiments, the modulators of cell death include
proteins encoded by TNFE, GNLY and TNFSF11. In some

embodiments, the modulators of cell death include proteins
encoded by TNF, IL26 and TNFSF11. In some embodi-

ments, the modulators of cell death include proteins encoded
by TNEF, 1L26, GNLY, and TNFSF11. Some embodiments
include measuring or detecting the presence or an amount of
an mRNA encoding one or more modulators of cell death as
described herein.

In some embodiments, the cytokine 1s a chemokine. In
some embodiments, the target gene encodes a chemokine.
Examples of chemokines include but are not limited to
proteins encoded by CCL27, CXCLS, CXCL9, and
CXCL10. Some embodiments include multiple genes

encoding chemokines as target genes. In some embodi-
ments, the chemokines include CCL27 and CXCLR. In some

embodiments, the chemokines include CCIL.27 and CXCL.9.
In some embodiments, the chemokines include CCL27 and
CXCL10. In some embodiments, the chemokines include
CXCLS8, CXCL9, and CXCL10. In some embodiments, the
chemokines include CCL27, CXCLS8, and CXCL9. In some
embodiments, the chemokines include CCL27, CXCLS8, and
CXCL10. In some embodiments, the chemokines include
CCL27, CXCL9, and CXCL10. In some embodiments, the
chemokines include CCL27, CXCL8, CXCL9, and
CXCL10. In some embodiments, the chemokines include
CXCLS8 and CXCL9. In some embodiments, the chemok-
mes mclude CXCL8 and CXCL10. In some embodiments,
the chemokines include CXCL9 and CXCLI10. Some
embodiments include measuring or detecting the presence or
an amount of an mRNA encoding one or more chemokines.

In some embodiments, the chemokine 1s a C-C motif
chemokine ligand family member. In some embodiments,
the target gene encodes a C-C motif chemokine ligand
family member. Some embodiments include measuring or
detecting the presence or an amount of mRNA encoding one
or more C-C motil chemokine ligand family members. In
some embodiments, the C-C motif chemokine ligand family
member 1s CCL27.

In some embodiments, the C-C motif chemokine ligand
family member 1s a CC cytokine. In some embodiments, the
target gene encodes a CC cytokine. In some embodiments,
the CC cytokine 1s clustered on the p-arm of chromosome 9.
In some embodiments, the CC chemokine 1s secreted. In
some embodiments, the CC cytokine 1s mvolved 1 an
immunoregulatory or inflammatory process. In some
embodiments, the CC cytokine comprises two adjacent
cystemnes. In some embodiments, the CC cytokine 1is
chemotactic for skin-associated memory T lymphocytes. In
some embodiments, the CC cytokine 1s associated with
homing of memory T lymphocytes to the skin. In some
embodiments, the CC cytokine plays a role 1n skin inflam-
mation. In some embodiments, the CC cytokine binds a
chemokine receptor such as CCR10. A non-limiting example
of such a CC cytokine 1s the protein encoded by CCL27.
Some embodiments include measuring or detecting the
presence or an amount of mRNA encoding one or more CC
cytokines.

In some embodiments, the chemokine 1s a CXC chemo-
kine. In some embodiments, the target gene encodes a CXC
chemokine. Examples of CXC chemokines include but are
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CXCL10. Some embodiments include multiple genes
encoding CXC chemokines as target genes. In some embodi-
ments, the CXC chemokines include CXCL8 and CXCL9.
In some embodiments, the CXC chemokines include
CXCL8 and CXCL10. In some embodiments, the CXC
chemokines include CXCL9 and CXCL10. In some embodi-
ments, the CXC chemokines include CXCL8, CXCL9, and
CXCL10. Some embodiments include measuring or detect-
ing the presence or an amount of an mRNA encoding one or
more CXC chemokines.

In some embodiments, the CXC chemokine 1s produced
by a macrophage. In some embodiments, the CXC chemo-
kine 1s produced by an epithelial cell, airway smooth muscle
cell, or an endothelial cell. In some embodiments, the CXC
chemokine 1s stored in a storage vesicle such as a Weibel-
Palade body by a cell such as an endothelial cell. In some
embodiments, the CXC chemokine 1s mitially produced as a
precursor peptide which undergoes cleavage. In some
embodiments, the CXC chemokine binds heparin. In some
embodiments, the CXC chemokine binds by a receptor such
as a GPCR, or a serpentine receptor such as CXCRI1 or
CXCR2. In some embodiments, the CXC chemokine i1s
secreted. In some embodiments, the CXC chemokine medi-
ates an immune reaction such as an innate immune reaction.
In some embodiments, the CXC chemokine mediates acti-
vation of a neutrophil. In some embodiments, the CXC
chemokine mediates migration of neutrophils into tissue
from peripheral blood. A non-limiting example of such a
CXC chemokine 1s the protein encoded by CXCLS.

In some embodiments, the CXC chemokine 1s a monokine
induced by gamma interferon. In some embodiments, the
CXC chemokine plays a role in chemotaxis. In some
embodiments, the CXC chemokine promotes differentiation
or multiplication of a leukocyte. In some embodiments, the
CXC chemokine causes tissue extravasion. In some embodi-
ments, the CXC chemokine mediates lymphocytic infiltra-
tion to the focal sites. In some embodiments, the CXC
chemokine suppresses tumor growth. In some embodiments,
the CXC chemokine interacts with CXCR3. In some
embodiments, the CXC chemokine elicits a chemotactic
function by mteracting with CXCR3. In some embodiments,
the CXC chemokine 1s involved in T cell tratlicking. In some
embodiments, the CXC chemokine 1s an antimicrobial. In
some embodiments, the CXC chemokine 1s a chemoattrac-
tant for lymphocytes. In some embodiments, the CXC
chemokine 1s not a chemoattractant for neutrophils. A non-
limiting example of such a CXC chemokine 1s the protein
encoded by CXCL9.

In some embodiments, the CXC chemokine 1s a chemoat-
tractant. In some embodiments, the CXC chemokine 1s an
antimicrobial. In some embodiments, the CXC chemokine
interacts with CXCR3. In some embodiments, the CXC
chemokine elicits a chemotactic function by interacting with
CXCR3. A non-limiting example of such a CXC chemokine
1s the protein encoded by CXCLI10. Some embodiments
include measuring or detecting the presence or an amount of
mRNA encoding one or more CXC chemokines.

In some embodiments, the cytokine i1s an nterleukin. In
some embodiments, the target gene encodes an interleukin.
Examples of interleukins include but are not limited to
proteins encoded by IL.26 and CXCLS8. Some embodiments
include multiple genes encoding interleukins as target genes.
In some embodiments, the interleukins include I1.26 and
CXCLS.

In some embodiments, the interleukin 1s expressed m a T
cell such as a herpesvirus-transformed T cell. In some
embodiments, the interleukin 1s a TH17-cell derived inter-
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leukin. In some embodiments, the TH17-cell derived cyto-
kine 1s IL.-26. In some embodiments, the interleukin induces
phosphorylation of a transcription factor such as STAT1 or
STAT3. In some embodiments, the interleukin enhances the
secretion of another interleukin such as IL-10 or IL-8. In
some embodiments, the interleukin 1s an antimicrobial. In
some embodiments, the interleukin promotes sensing of
bacterial and host cell death. In some embodiments, the
interleukin 1s a cationic amphipathic protein. In some
embodiments, the interleukin kills extracellular bacteria by
membrane-pore formation. In some embodiments, the inter-
leukin complexes with bacterial DNA or self-DNA released
by dying bacterial or host cells. In some embodiments, the
interleukin activates a Toll-like receptor such as Toll-like
receptor 9. In some embodiments, the interleukin activates
an IL-26 receptor. A non-limiting example of such an
interleukin 1s the protein encoded by IL26. Some embodi-
ments 1nclude measuring or detecting the presence or an
amount of mRNA encoding one or more interleukins.

In some embodiments, the chemokine 1s an antimicrobaial.
In some embodiments, the interleukin 1s an antimicrobial. In
some embodiments, the target gene encodes an antimicro-
bial. Examples of antimicrobials include but are not limited
to proteins encoded by 1L26 and GNLY. In some embodi-
ments, the antimicrobial has an anti-tumor effect, or 1s also
an anti-tumor protein. Some embodiments include multiple
genes encoding antimicrobials as target genes. In some
embodiments, the antimicrobials include 11.26 and GNLY.
Some embodiments include measuring or detecting the
presence or an amount of an mRNA encoding one or more
antimicrobials.

In some embodiments, the chemokine 1s an interleukin. In
some embodiments, the interleukin 1s a member of the CXC
chemokine family. In some embodiments, the interleukin 1s
CXCLS.

In some embodiments, the interleukin 1s a member of the
IL-10 family of cytokines. In some embodiments, the mem-
ber of the IL-10 family of cytokines 1s 1L-26.

In some embodiments, the target gene encodes a DNA-
binding protein. Examples of genes encoding DNA-binding,
proteins include but are not limited to 1126, STAT3A, TOX,
and LEF1. Some embodiments include multiple genes
encoding DNA-binding proteins as target genes. In some
embodiments, the DNA-binding proteins include IL26 and
STATSA. In some embodiments, the DNA-binding proteins
include IL.26 and TOX. In some embodiments, the DNA-
binding proteins include 1L26 and LEF1. In some embodi-
ments, the DNA-binding proteins include STATS5A and
TOX. In some embodiments, the DNA-binding proteins
include STAT5A and LEF1. In some embodiments, the
DNA-binding proteins include TOX and STATS5A. In some
embodiments, the DNA-binding proteins include IL26,
STATSA, and TOX. In some embodiments, the DNA-bind-
ing proteins iclude 1126, STATS5A, and LEF1. In some
embodiments, the DNA-binding proteins include IL26,
TOX, and LEF1. In some embodiments, the DNA-binding
proteins 1nclude STATSA, TOX, and LEF1. In some
embodiments, the DNA-binding proteins include IL26,
STATS5A, TOX, and LEF1. Some embodiments include
measuring or detecting the presence or an amount of an
mRNA encoding one or more DNA-binding proteins.

In some embodiments, the DNA-binding protein 1s a
transcription factor. In some embodiments, the target gene
encodes a transcription factor. Examples of transcription
factors include but are not limited to proteins encoded by
STAT3A and LEF1. Some embodiments include multiple
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embodiments, the transcription factors include STATSA and
LEF1. Some embodiments include measuring or detecting
the presence or an amount ol an mRNA encoding one or
more transcription factors.

In some embodiments, the transcription factor 1s a signal
transducer and activator of transcription (STAT) family
member. In some embodiments, the target gene encodes a
STAT family member. In some embodiments, the STAT
family member includes an N-terminal domain, a coiled-coil
domain, a DNA binding domain, a linker domain, a Src
Homology 2 domain, and/or a transcriptional activation
domain. In some embodiments, the STAT family member 1s
phosphorylated by a receptor associated kinase. In some
embodiments, the STAT family member forms homo- or
heterodimers that translocate to the cell nucleus upon phos-
phorylation. In some embodiments, the STAT family mem-
ber mediates the response of a cell ligand such as 112, 113,
IL7 GM-CSF, erythropoietin, thrombopoietin, or a growth
hormone. A non-limiting example of such a STAT family
member 1s the protein encoded by STATS5A. Some embodi-
ments nclude measuring or detecting the presence or an
amount of mRNA encoding one or more STAT famaily
members.

In some embodiments, the transcription factor 1s a lym-
phoid enhancer binding factor family member. In some
embodiments, the target gene encodes a lymphoid enhancer
binding factor family member. In some embodiments, the
lymphoid enhancer binding factor family member 1s a
nuclear protein. In some embodiments, the Iymphoid
enhancer binding factor family member 1s expressed 1n
pre-B cells and/or 1n T cells. In some embodiments, the
lymphoid enhancer binding factor family member binds to a
T-cell receptor-alpha enhancer. In some embodiments, the
lymphoid enhancer binding factor family member binding to
the T-cell receptor-alpha enhancer increases enhancer activ-
ity. In some embodiments, the lymphoid enhancer binding
factor family member 1s a member of a family of regulatory
proteins that share homology with high mobility group
protein-1. A non-limiting example of such a lymphoid
enhancer binding factor family member 1s the protein
encoded by LEF1. Some embodiments include measuring or
detecting the presence or an amount of mRNA encoding one
or more lymphoid enhancer binding factor family members.

In some embodiments, the target gene encodes a tran-
scriptional coactivator. In some embodiments, the transcrip-
tional coactivator 1s expressed in B-cell lymphocytes. In
some embodiments, the transcriptional coactivator controls
expression ol immunoglobulin, CD20, CRISP-3, or CD36.
A non-limiting example of such a transcriptional coactivator
1s the protein encoded by POU2AF1. Some embodiments
include measuring or detecting the presence or an amount of
mRNA encoding one or more transcriptional coactivators.

In some embodiments, the transcriptional coactivator 1s a
POU domain class 2-associating factor family member. In
some embodiments, the target gene encodes a POU domain
class 2-associating factor family member. In some embodi-
ments, the POU domain class 2-associating factor family
member 1s an Oct binding factor family member. In some
embodiments, the POU domain class 2-associating factor
family member 1s POU2AF1. Some embodiments include
measuring or detecting the presence or an amount of mRNA
encoding one or more POU domain class 2-associating
factor family members.

In some embodiments, the target gene encodes a saposin-
like protein family member. In some embodiments, the
saposin-like protein family member 1s present in cytotoxic
granules of cytolytic T cells or natural killer (NK) cells and
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1s released from the granules upon antigen stimulation. In
some embodiments, the saposin-like protein family member
1s an antimicrobial. In some embodiments, the saposin-like
protein family member imnduces cell death (e.g. apoptosis) in
target cell. A non-limiting example of such a saposin-like
protein family member 1s the protein encoded by GNLY.
Some embodiments include measuring or detecting the
presence or an amount of mRNA encoding one or more
saposin-like protein family members as described herein.

In some embodiments, the target gene encodes a tumor
necrosis factor (ITNF) superfamily member. In some
embodiments, the TNF superfamily member regulates apop-
tosis. In some embodiments, the TNF superfamily member
1s a ligand for a receptor such as receptor activator of nuclear
factor K B (RANK) or osteoprotegerin. In some embodi-
ments, the TNF superfamily member controls cell prolifera-
tion, for example by modifying protein levels of 1d4, 1d2 or
cyclin D1. In some embodiments, the TNF superfamily
member functions as a factor 1n osteoclast differentiation or
activation. In some embodiments, the TNF superfamily
member 1s a cell survival factor. In some embodiments, the
TNF superfamily member 1s involved 1n the regulation of T
cell-dependent immune response. In some embodiments, the
TNF superfamily member activates AKT/PKB, for example
through a signaling complex involving SRC kinase and
tumor necrosis factor receptor-associated factor (TRAF) 6.
A non-limiting example of such a TNF supertamily member
1s the protein encoded by TNFSF11.

In some embodiments, the target gene encodes a chroma-
tin associated protein. In some embodiments, the chromatin
associated protein binds DNA 1n a sequence-specific manner
binding protein. In some embodiments, the chromatin asso-
ciated protein induces a bend 1n DNA bound by the protein.
A non-limiting example of such a chromatin associated
protein 1s the protein encoded by TOX. Some embodiments
include measuring or detecting the presence or an amount of
mRNA encoding one or more chromatin associated proteins.

In some embodiments, the chromatin associated protein 1s
a thymocyte selection associated high mobility group
(HMG) box family member. In some embodiments, the
target gene encodes a thymocyte selection associated HMG
box family member. In some embodiments, the HMG box
family member includes a HMG box DNA binding domain.
In some embodiments, the HMG box family member
includes multiple HMG box DNA binding domains. In some

embodiments, the HMG box family member includes no
more than one HMG box DNA binding domain. In some
embodiments, the HMG box family member binds DNA 1n
a sequence-independent manner. In some embodiments, the
thymocyte selection associated HMG box family member 1s
TOX. Some embodiments include measuring or detecting
the presence or an amount of mRNA encoding one or more
thymocyte selection associated HMG box family members.

In some embodiments, the target gene encodes a G-pro-
tein-coupled receptor (GPCR). In some embodiments, the
GPCR 1s a receptor for a CC chemokine such as MCPCCL?2,
CCL4, CCL5, CCL17, or CCL22. A non-limiting example
of such a GPCR 1s the protein encoded by CCR4. Some
embodiments include measuring or detecting the presence or
an amount of mRNA encoding one or more GPCRs.

In some embodiments, the GPCR 1s a C-C chemokine
receptor type family member. In some embodiments, the
target gene encodes a C-C chemokine receptor type family
member. In some embodiments, the C-C chemokine receptor
type family member 1s CCR4. Some embodiments include
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measuring or detecting the presence or an amount of mRNA
encoding one or more C-C chemokine receptor type family
members.

In some embodiments, the target gene encodes a gameto-
cyte-specific family member. In some embodiments, the
gametocyte-specific family member 1s GTSF1. Some
embodiments include measuring or detecting the presence or
an amount of mRNA encoding one or more gametocyte-
specific family members.

In some embodiments, the gametocyte-specific family
member 1s a spermatogenesis protein. In some embodi-
ments, the target gene encodes a spermatogenesis protein. In
some embodiments, the spermatogenesis protein 1s
expressed 1n testes. A non-limiting example of such a
spermatogenesis protein 1s the protein encoded by GTSF1.
Some embodiments include measuring or detecting the
presence or an amount of mRNA encoding one or more
spermatogenesis proteins.

In some embodiments, the target gene encodes an actin-
binding protein. A non-limiting example of an actin-binding
protein 1s the protein encoded by PLS3. Some embodiments
include measuring or detecting the presence or an amount of
mRNA encoding one or more actin-binding proteins.

In some embodiments, the actin-binding protein 1s a
plastin family member. In some embodiments, the target
gene encodes a plastin family member. Some embodiments
include measuring or detecting the presence or an amount of
mRNA encoding one or more plastin family members. In
some embodiments, the plastin family member 1s PLS3.

In some embodiments, the target gene encodes FYN
binding protein, and 1s represented by “FYB.” In some
embodiments, the target gene encodes lymphoid enhancer
binding factor 1, and is represented by “LEF1”. In some
embodiments, the target gene encodes 1L.2 inducible T-cell
kinase, and 1s represented by “ITK.” In some embodiments,
the target gene encodes interleukin 26, and 1s represented by
“IL26.” In some embodiments, the target gene encodes
signal transducer and activator of transcription 5A, and 1s
represented by “STAT3A.” In some embodiments, the target
gene encodes TRAF3 interacting protein 3, and 1s repre-
sented by “TRAF3IP3.” In some embodiments, the target
gene encodes granulysin, and 1s represented by “GNLY.” In
some embodiments, the target gene encodes dynamin 3, and
1s represented by “DNM3.” In some embodiments, the target
gene encodes tumor necrosis factor superfamily member 11,
and 1s represented by “INFSF11.” In some embodiments,
the target gene encodes thymocyte selection associated high
mobility group box, and is represented by “TOX” In some
embodiments, the target gene encodes C-C motif chemokine
receptor 4, and 1s represented by “CCR4.” In some embodi-
ments, the target gene encodes POU class 2 associating
factor 1, and 1s represented by “POU2AF1.” In some
embodiments, the target gene encodes gametocyte specific
factor 1, and 1s represented by “GTSF1.” In some embodi-
ments, the target gene encodes plastin 3, and 1s represented
by “PLS3.” In some embodiments, the target gene encodes
matrix metallopeptidase 12, and 1s represented by
“MMP12.” In some embodiments, the target gene encodes
LCK proto-oncogene, Src family tyrosine kinase, and 1is
represented by “LCK.” In some embodiments, the target
gene encodes Neural precursor cell expressed, developmen-
tally down-regulated, and 1s represented by “NEDD4L.” In
some embodiments, the target gene encodes C-C motif
chemokine ligand 27, and 1s represented by “CCL27.” In
some embodiments, the target gene encodes chemokine
(C-X-C motil) ligand 8, and 1s represented by “CXCLS.”

CXCLS8 may also be referred to as IL8. In some embodi-
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ments, the target gene encodes a chemokine such as the
protein encoded by CXCLS. In some embodiments, the
target gene encodes chemokine (C-X-C motif) ligand 9, and
1s represented by “CXCL9.” In some embodiments, the
target gene encodes C-X-C motif chemokine 10, and 1s
represented by “CXCL10.” In some embodiments, the target
gene encodes tumor necrosis factor, and 1s represented by
“ITNE.”

In some embodiments, the at least one target gene com-
prises FYB, GNLY, ITK, STATS5, TRAF3IP3, CXCL10,
CXCLS8, and/or TNF, or a combination thereof. Some
embodiments include measuring, obtaining, or measuring a
gene expression level of FYB, GNLY, ITK, STATS,
TRAF3IP3, CXCL10, CXCLS8, and/or TNF, or a combina-
tion thereof. In some embodiments, the at least one target
gene comprises FYB. In some embodiments, the at least one
target gene comprises FYB. In some embodiments, the at
least one target gene comprises GNLY. In some embodi-
ments, the at least one target gene comprises ITK. In some
embodiments, the at least one target gene comprises STATS.
In some embodiments, the at least one target gene comprises
TRAF3IP3. In some embodiments, the at least one target
gene comprises CXCL10. In some embodiments, the at least
one target gene comprises CXCLS. In some embodiments,
the at least one target gene comprises TNFE. In some embodi-
ments, the at least one target gene one, two, three, four, five,
s1X, seven, or eight of FYB, GNLY, ITK, STATS,
TRAF3IP3, CXCL10, CXCLS, or TNF.

Measuring or determining expression levels of one or
more target genes may be useful because some microRNAs
are dysregulated 1n skin cancers such as CICL. In some
embodiments, one or more target genes are used to diagnose,
identily, or determine the presence of a CTCL. In some
embodiments, one or more target genes are used to rule out
a skin cancer other than CTCL.

In some embodiments, the target gene encodes a
microRNA. In some embodiments, the microRNA i1s a small
non-coding RNA. In some embodiments, the microRNA
comprises or consists ol 19-25 nucleotides. In some embodi-
ments, the microRNA 1s from an intronic, intergenic, or
antisense nucleic acid region. In some embodiments, the
microRNA regulates post-transcriptional gene expression.
Some embodiments described herein, include an RNA com-
prising a microRNA as described herein. Measuring or
determining expression levels of one or more microRNAs
may be useful because some microRNAs are dysregulated in
skin cancers such as CTCL.

Examples of microRNAs include but are not limited to
miR-21, miR-27b, miR-29b, miR-30c, miR-34a, miR-93,
miR-141/200c, miR-142, miR-146, miR-148a, miR-152,
miR-155, miR-181a/b, miR-186, miR-203, miR-205, miR-
214, miR-221, miR-326, miR-486, miR-663b, and miR-711.
In some embodiments, the microRNA comprises miR-21,
miR-29b, miR-155, miR-186, miR-214, or miR-221. In
some embodiments, the microRNA comprises miR-21. In
some embodiments, the miR-21 1s upregulated in a CTCL
skin sample relative to a control. In some embodiments, the
microRNA comprises miR-27b. In some embodiments, the
miR-27b 1s upregulated 1n a CTCL skin sample relative to a
control. In some embodiments, the microRNA comprises
miR-29b. In some embodiments, the miR-29b 1s downregu-
lated 1n a CTCL skin sample relative to a control. In some
embodiments, the microRNA comprises miR-30c. In some
embodiments, the miR-30c 1s upregulated 1n a CTCL skin
sample relative to a control. In some embodiments, the
microRNA comprises miR-34a. In some embodiments, the
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control. In some embodiments, the microRNA comprises
miR-93. In some embodiments, the miR-93 1s upregulated in
a CTCL skin sample relative to a control. In some embodi-
ments, the microRNA comprises miR-141/200c. In some
embodiments, the miR-141/200c¢ 1s upregulated 1n a CTCL
skin sample relative to a control. In some embodiments, the
microRNA comprises miR-142. In some embodiments, the
miR-142 1s upregulated in a CTCL skin sample relative to a
control. In some embodiments, the microRNA comprises
miR-146. In some embodiments, the miR-146 1s upregulated
in a CICL skin sample relative to a control. In some
embodiments, the microRNA comprises miR-148a. In some
embodiments, the miR-148a 1s upregulated 1n a CTCL skin
sample relative to a conftrol. In some embodiments, the
microRNA comprises miR-148b. In some embodiments, the
miR-148b 1s upregulated 1n a CTCL skin sample relative to
a control. In some embodiments, the microRNA comprises
miR-152. In some embodiments, the miR-152 1s upregulated
in a CICL skin sample relative to a control. In some
embodiments, the microRNA comprises miR-155. In some
embodiments, the miR-155 1s upregulated in a CTCL skin
sample relative to a control. In some embodiments, the
microRNA comprises miR-181a/b. In some embodiments,
the miR-181a/b 1s upregulated in a CTCL skin sample
relative to a control. In some embodiments, the microRNA
comprises miR-186. In some embodiments, the miR-186 1s
upregulated 1n a CTCL skin sample relative to a control. In
some embodiments, the microRNA comprises miR-203. In
some embodiments, the miR-203 1s downregulated 1n a
CTCL skin sample relative to a control. In some embodi-
ments, the microRNA comprises miR-205. In some embodi-
ments, the miR-205 1s downregulated mn a CTCL skin
sample relative to a control. In some embodiments, the
microRNA comprises miR-214. In some embodiments, the
miR-214 1s upregulated 1n a CTCL skin sample relative to a
control. In some embodiments, the microRNA comprises
miR-221. In some embodiments, the miR-221 1s upregulated
in a CICL skin sample relative to a control. In some
embodiments, the microRNA comprises miR-326. In some
embodiments, the miR-326 1s upregulated 1n a CTCL skin
sample relative to a conftrol. In some embodiments, the
microRNA comprises miR-486. In some embodiments, the
miR-486 1s upregulated 1n a CTCL skin sample relative to a
control. In some embodiments, the microRNA comprises
miR-663b. In some embodiments, the miR-663b 1s upregu-
lated 1n a CTCL skin sample relative to a control. In some
embodiments, the microRNA comprises miR-711. In some
embodiments, the miR-711 1s upregulated 1n a CTCL skin
sample relative to a control. Some embodiment include the
use of multiple microRNAs as target genes. Some embodi-
ment include the use of' 1, 2, 3, 4, 5, 6,7, 8, 9, 10, 11, 12,
13, 14, 15, or more microRNAs as target genes. Some
embodiment include the use of a range of microRNAs as
target genes, for example a range defined by any two of 1,
2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, or 15.

In some embodiments, an amount of the microRNA 1s
increased i CTCL relative to a non-C'TCL control. In some
embodiments, an amount of the microRNA 1s decreased 1n
CTCL relative to a non-CTCL control.

In some embodiments, the microRNA 1s part of a cytokine
or interleukin signaling pathway. For example, 112 signaling
may lead to upregulation of miR-135, miR-21, and miR-
214, and/or downregulation of miR-29b. In some embodi-
ments, STATS leads to miR-1535 upregulation 1n response to
IL.2 signaling. In some embodiments, STAT3 leads to miR-
21 upregulation 1 response to IL2 signaling. In some
embodiments, CTCL comprises increased IL2 signaling and
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upregulated miR-155, miR-21, and miR-214, and down-
regulated miR-29b. MiR-21 may target PTEN. MiR-155
may target FOXO3A. MiR-214 may target PTEN, LHXa®6,
Bcl2, and/or KIF12. MiR-29b may target MMP2, DNMT3,
SP-1, and/or BRD4. Any of these microRINA targets may be
dysregulated 1n a skin cancer such as CTCL, and thus may
be used as target genes 1n the methods described herein.

In some aspects, CTCL may be diagnosed or determined,
and/or benign mflammatory dermatoses (BID) may be ruled
out, based on upregulated expression ol miR-326, miR-
663b, miR-711, and/or miR-155 1n CTCL compared to a
control. In some aspects, CICL may be diagnosed or
determined, and/or BID may be ruled out, based on down-
regulated expression of miR-203 and/or miR-205 i CTCL
compared to a control. In some embodiments, the
microRNA expression 1s measured by microarray followed
by PCR analysis. In some embodiments, these target genes
are used to rule out a skin cancer other than CTCL.

In some aspects, CICL may be diagnosed or determined,
and/or benign inflammatory dermatoses (BID) may be ruled
out, based on upregulated expression of miR-1355, miR-21,
miR-142, miR-146, and/or miR-181a/b in CTCL compared
to a control. In some aspects, CTCL may be diagnosed or
determined, and/or BID may be ruled out, based on down-
regulated expression of miR-141/200c 1n CTCL compared
to a control. In some embodiments, the microRINA expres-
s10on 1s measured using a microarray. In some embodiments,
these target genes are used to rule out a skin cancer other
than C1CL.

In some aspects, Sezary syndrome (a type of CTCL) may
be diagnosed or determined, or ruled out, based on upregu-
lated expression of miR-21, miR-214, and/or miR-486 1n
Sezary syndrome compared to a control. In some embodi-
ments, the microRNA expression 1s measured using a
microarray. In some embodiments, these target genes are
used to rule out a skin cancer or CTCL other than Sézary
syndrome.

In some aspects, an aggressive form of CTCL may be
diagnosed or determined based on upregulated expression of
miR-181a, miR-93, and/or miR-34a in aggressive forms of
CTCL compared to a control such as a non-cancerous skin
sample or compared to a non-aggressive or benign form of
CTCL. In some embodiments, the microRNA expression 1s
measured with PCR.

In some aspects, CICL may be diagnosed or determined,
and/or benign mflammatory dermatoses (BID) may be ruled
out, based on upregulated or downregulated expression of
miR-21. In some embodiments, the miR-21 expression 1s
upregulated in a cancer such as bladder cancer. In some
embodiments, the miR-21 expression 1s downregulated 1n a
cancer such as PCNSL, glioblastoma, serosa-invasive gas-
tric disorder, esophageal cancer, ovarian cancer, and/or
NSCLC. In some embodiments, the miR-21 expression 1s
measured in cerebrospinal fluid, ascites, urine, saliva, serum,
and/or plasma.

In some embodiments, disclosed herein 1s a method of
detecting the expression level of a gene from a gene clas-
sifier. In some 1nstances, the method comprises detecting the
expression level of FYN binding protein (FYB), IL2 induc-
ible T-cell kinase (ITK), interleukin 26 (I1L.26), signal trans-
ducer and activator of transcription 5SA (STAT5A), TRAF3
interacting protein 3 (TRAF3IP3), granulysin (GNLY),
dynamin 3 (DNM3), tumor necrosis factor superfamily
member 11 (INFSF11), or a combination thereof. In some
instances, the method comprises (a) 1solating nucleic acids
from a skin sample obtained from the subject, wherein the
skin sample comprises cells from the stratum corneum; and
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(b) detecting the expression levels of FYB, ITK, IL26,
STATSA, TRAF3IP3, GNLY, DNM3, TNFSF11, or a com-
bination thereof, by contacting the isolated nucleic acids
with a set of probes that recognizes FYB, I'TK, IL26,
STATSA, TRAF3IP3, GNLY, DNM3, TNFSF11, or a com-
bination thereol, and detects binding between FYB, ITK,
[1.26, STATS5A, TRAF3IP3, GNLY, DNM3, TNFSF11, or a
combination thereof and the set of probes. In the methods
described herein, a gene classifier may include any target
gene or combination of target genes described herein, and
may include target gene expression levels or target gene
mutations. Methods that describe a gene classifier may be
used with target genes described herein 1n place of the gene
classifier.

In some 1nstances, the method comprises detecting the
expression levels of two or more, three or more, or four or
more of genes from the gene classifier: FYB, ITK, 1L26,
STATSA, TRAF3IP3, GNLY, DNM3, and TNFSFI11. In
some cases, the method comprises detecting the expression
levels of ITK, STATSA, and TNFSF11. In some cases, the
method comprises detecting the expression levels of ITK,
I1.26, STATSA, and TNFSF11. In some cases, the method
comprises detecting the expression levels of FYB, ITK,
I1.26, STATSA, and TNFSF11. In some cases, the method
comprises detecting the expression levels of FYB, ITK,
I1.26, STAT5A, TRAF3IP3, and TNFSF11. In some cases,
the method comprises detecting the expression levels of
FYB, ITK, IL26, STAT3A, TRAF3IP3, DNM3, and
TNFSF11. In some cases, the method comprises detecting
the expression levels of FYB, ITK, IL26, STATSA,
TRAF3IP3, GNLY, DNM3, and TNFSF11.

In some 1nstances, the expression level 1s an elevated gene
expression level. In some cases, the elevated gene expres-
sion level 1s compared to a gene expression level of an
equivalent gene from a control sample. In some cases, the
control sample 1s a normal skin sample. In some cases, the
gene expression level of FYB, ITK, IL26, STATSA,
TRAF3IP3, DNM3, TNFSF11, or a Comblnatlon thereof 1s
clevated.

In some embodiments, the target gene expression 1s
clevated by at least 1-fold, 2-fold, 3-fold, 4-fold, 5-fold,
10-fold, 20-1old, 30-fold, 40-fold, 50-fold, 60-fold, 70-1old,
80-fold, 90-told, 100-fold, 110-fold, 120-fold, 130-fold,
150-1old, 200-fold, 300-1fold, 500-fold, or more. In some
embodiments, the target gene expression 1s decreased by at
least 1-fold, 2-fold, 3-fold, 4-fold, 5-fold, 10-fold, 20-told,
30-fold, 40-fold, 50-fold, 60-fold, 70-fold, 80-fold, 90-1old,
100-told, 110-fold, 120-1old, 130-fold, 150-fold, 200-fold,
300-fold, 500-fold, or more. In some cases, the down-
regulated gene expression level 1s compared to a control. In
some embodiments, the control 1s a gene expression level of
an equivalent gene from a control sample. In some cases, the
control sample 1s a normal skin sample.

In some cases, the gene expression level of FYB, ITK,
I1.26, STAT5A, TRAF3IP3, DNM3, or TNFSF11 1s elevated
by at least 1-fold, 2-fold, 3-fold, 4-fold, S5-fold, 10-fold,
20-1old, 30-fold, 40-fold, 50-fold, 60-fold, 70-fold, 80-fold,
90-1old, 100-fold, 110-fold, 120-fold, 130-fold, 1350-fold,
200-1old, 300-fold, 500-fold, or more. In some cases, the
gene expression level of FYB, ITK, IL26, STATSA,
TRAF3IP3, DNM3, or fﬂNFSFll 1s elevated by at least

10-fold. In some cases, the gene expression level of FYB,
ITK, 1L26, STAT5A, TRAF3IP3, DNM3, or TNFSF11 1is

clevated by at least 20-fold. In some cases, the gene expres-
sion level of FYB, I'TK, IL.26, STAT5A, TRAF3IP3, DNM3,
or TNFSF11 1s elevated by at least 30-fold. In some cases,
the gene expression level of FYB, ITK, 1L26, STATS5A,
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TRAF3IP3, DNM3, or TNFSF11 1s elevated by at least
40-fold. In some cases, the gene expression level of FYB,
I'TK, IL26, STAT3A, TRAF3IP3, DNM3, or TNFSFI11 1s
clevated by at least 50-fold. In some cases, the gene expres-
sion level of FYB, ITK, IL26, STATS5A, TRAF3IP3, DNM3,
or TNFSF11 1s elevated by at least 80-fold. In some cases,
the gene expression level of FYB, ITK, 1L26, STATS5A,
TRAF3IP3, DNM3, or TNFSF11 1s elevated by at least
100-1old. In some cases, the gene expression level of FYB,
I'TK, IL26, STAT3A, TRAF3IP3, DNM3, or TNFSFI11 1s
clevated by at least 130-fold. In some cases, the gene
expression level of FYB, ITK, 1L26, STATSA, TRAF3IP3,
DNM3, or TNFSF11 1s elevated by at least 150-fold. In
some cases, the elevated gene expression level 1s compared
to a gene expression level of an equivalent gene from a
control sample. In some cases, the control sample 1s a
normal skin sample.

In some cases, the gene expression level of FYB, ITK,
IL.26, STATSA, TRAF3IP3, DNM3, or TNFSF11 15 elevated
by at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, 100%, 200%, 300%, 400%, 500%, or more. In some

cases, the gene expression level of FYB, ITK, IL26,
STATSA, TRAF3IP3, DNM3, or TNFSF11 1s elevated by at

least 10%. In some cases, the gene expression level of FYB,
ITK, 1L26, STATS5A, TRAF3IP3, DNM3, or TNFSFI11 1is

clevated by at least 30%. In some cases, the gene expression

level of FYB, ITK, 1L.26, STAT5A, TRAF3IP3, DNM3, or
TNFSFI11 1s elevated by at least 50%. In some cases, the
gene expression level of FYB, ITK, IL26, STATSA,
TRAF3IP3, DNM3, or TNFSF11 1s elevated by at least 80%.
In some cases, the gene expression level of FYB, I'TK, 1126,
STATSA, TRAF3IP3, DNM3, or TNFSF11 1s elevated by at

least 100%. In some cases, the gene expression level of
FYB, ITK, IL26, STAT3A, TRAF3IP3, DNM3, or

TNFSF11 1s elevated by at least 200%. In some cases, the
gene expression level of FYB, ITK, IL26, STATSA,
TRAF3IP3, DNM3, or TNFSF11 1s elevated by at least
300%. In some cases, the gene expression level of FYB,
ITK, 1L26, STAT3A, TRAF3IP3, DNM3, or TNFSF11 1s
clevated by at least 500%. In some cases, the elevated gene

expression level 1s compared to a gene expression level of an
equivalent gene from a control sample. In some cases, the
control sample 1s a normal skin sample.

In some 1nstances, the expression level 1s a down-regu-
lated gene expression level. In some cases, the gene expres-
sion level of GNLY 1s down-regulated. In some cases, the
down-regulated gene expression level 1s compared to a gene
expression level of an equivalent gene from a control
sample. In some cases, the control sample 1s a normal skin
sample.

In some instances, the gene expression level of GNLY 1s
down-regulated by at least 1-fold, 2-fold, 3-fold, 4-fold,

S-told, 10-fold, 20-fold, 30-1old, 40-1old, 50-fold, 60-1old,
70-1old, 80-fold, 90-fold, 100-fold, 110-1fold, 120-fold, 130-
fold, 150-fold, 200-fold, 300-fold, 500-fold, or more. In
some cases, the gene expression level of GNLY 1s down-
regulated by at least 1-1fold. In some cases, the gene expres-
sion level of GNLY 1s down-regulated by at least 5-fold. In
some cases, the gene expression level of GNLY i1s down-
regulated by at least 10-fold. In some cases, the gene
expression level of GNLY 1s down-regulated by at least
20-fold. In some cases, the gene expression level of GNLY
1s down-regulated by at least 30-fold. In some cases, the
gene expression level of GNLY 1s down-regulated by at least
40-fold. In some cases, the gene expression level of GNLY
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1s down-regulated by at least 50-fold. In some cases, the
gene expression level of GNLY 1s down-regulated by at least
100-1old.

In some 1nstances, the gene expression level of GNLY 1s
down-regulated by at least 10%, 20%, 30%, 40%, 50%.,
60%, 70%, 80%, 90%, 100%, 200%, 300%, 400%, 500%, or
more. In some cases, the gene expression level of GNLY 1s
down-regulated by at least 10%. In some cases, the gene
expression level of GNLY 1s down-regulated by at least
20%. In some cases, the gene expression level of GNLY 1s
down-regulated by at least 30%. In some cases, the gene
expression level of GNLY 1s down-regulated by at least
50%. In some cases, the gene expression level of GNLY 1s
down-regulated by at least 80%. In some cases, the gene
expression level of GNLY 1s down-regulated by at least
100%.

In some embodiments, the set of probes recognizes at
least one but no more than eight genes selected from FYB,
ITK, IL26, STATS5A, TRAF3IP3, GNLY, DNM3, and
TNFSF11. In some cases, the set of probes recognizes 1TK,
STATS5A, and TNFSF11. In some cases, the set of probes
recognizes 1TK, 1126, STAT5A, and TNFSF11. In some
cases, the set of probes recognizes FYB, ITK, IL26,
STATS5A, and TNFSF11. In some cases, the set of probes
recognizes FYB, ITK, IL26, STAT5A, TRAF3IP3, and
TNEFSF11. In some cases, the set of probes recognizes FYB,
ITK, IL26, STAT5A, TRAF3IP3, DNM3, and TNFSF11. In
some cases, the set of probes recognizes FYB, I'TK, IL26,
STATSA, TRAF3IP3, GNLY, DNM3, and TNFSF11.

In some embodiments, the method further comprises
detecting the expression levels of thymocyte selection asso-
ciated high mobility group box (TOX); lymphoid enhancer
binding factor 1 (LEF1); C-C motif chemokine receptor 4
(CCR4); POU class 2 associating factor 1 (POU2AF1);
gametocyte specific factor 1 (GTSF1); plastin 3 (PLS3);
matrix metallopeptidase 12 (WP12); LCK proto-oncogene,
Src family tyrosine kinase (LCK); neural precursor cell
expressed, developmentally down-regulated (NEDD4L); or
a combination thereof. In some cases, the detecting com-
prises contacting the 1solated nucleic acids with an addi-
tional set of probes that recognizes TOX, LEF1, CCR4,
POU2AF1, GTSF1, PLS3, MMP12, LCK, NEDDA4L, or a
combination thereol, and detects binding between TOX,
LEF1, CCR4, POU2AF1, GTSFI1, PLS3, MMP12, LCK,
N_JDD4L or a combmatlon thereof and the addltlonal set of
probes.

In some cases, the additional set of probes recognizes one
but no more than nine genes. In some cases, the additional
set of probes recognizes 2,3,4, 5, 6,7, 8, or 9 genes selected

from TOX, LEF1, CCR4, POU2AF1, GTSF1, PLS3,
MMP12, LCK, and NEDDA4L.

In some cases, the expression level of one or more genes
selected from TOX, LEF1, CCR4, POU2AF1, GTSFI,
PLS3, MMP12, LCK, and NEDD4L 1s an elevated gene
expression level. In such cases, the gene expression level 1s
clevated by at least 1-fold, 2-fold, 3-fold, 4-fold, 5-fold,
10-fold, 20-1old, 30-fold, 40-fold, 50-fold, 60-told, 70-1old,
80-fold, 90-fold, 100-fold, 110-fold, 120-fold, 130-fold,
150-told, 200-1old, 300-fold, 500-fold, or more. In some
instances, the gene expression level 1s elevated by at least
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%,
200%, 300%, 400%, 500%, or more. In some instances, the
expression level 1s compared to a gene expression level of an
equivalent gene from a control sample. In some 1nstances,
the control sample 1s a normal skin sample.

In additional cases, the expression level of one or more

genes selected from TOX, LEF1, CCR4, POU2AFI,
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GTSF1, PLS3, MMP12, LCK, and NEDDA4L 1s a down-
regulated gene expression level. In such cases, the gene
expression level 1s down-regulated by at least 1-fold, 2-fold,
3-fold, 4-fold, 5-fold, 10-fold, 20-fold, 30-fold, 40-fold,
50-fold, 60-told, 70-fold, 80-fold, 90-fold, 100-fold, 110-
told, 120-1fold, 130-1old, 150-fold, 200-1old, 300-1old, S00-
fold, or more. In some 1nstances, the gene expression level
1s down-regulated by at least 10%, 20%, 30%, 40%, 50%.,
60%, 70%, 80%, 90%, 100%, 200%, 300%, 400%, 500%, or
more. In some instances, the expression level 1s compared to
a gene expression level of an equivalent gene from a control
sample. In some 1nstances, the control sample 1s a normal
skin sample.

In some embodiments, a method described herein further
comprises differentiating a skin cancer sample (e.g., a CTCL
positive sample) from a non-cancer sample. In some cases,
the method has an improved specificity. In some instances,
the specificity 1s at least or about 70%, 75%, 80%, 85%,
90%, or more than 95% when detecting the gene expression
level of FYB, ITK, IL26, STAT5A, TRAF3IP3, DNM3,
TNFSF11, or a combination thereof. In some embodiments,
the specificity 1s at least or about 70%, 75%, 80%, 85%,
90%, or more than 95% when detecting the gene expression
level of TOX, LEF1, CCR4, POU2AF1, GTSF1, PLS3,
MMP12, LCK, NEDD4L, or a combination thereof.

In some cases, the method also has an 1mproved sensi-
tivity. In some embodiments, the sensitivity 1s at least or
about 70%, 75%, 80%, 85%, 90%, or more than 95% when
detecting the gene expression levels of FYB, ITK, 1126,
STATSA, TRAF3IP3, DNM3, TNFSF11, or a combination
thereol. In some embodiments, the sensitivity 1s at least or
about 70%, 75%, 80%, 85%, 90%, or more than 95% when
detecting the gene expression levels of TOX, LEF1, CCR4,
POU2AF1, GTSF1, PLS3, MMP12, LCK, NEDDA4L, or a
combination thereof.

In some embodiments, a method described herein com-
prises detecting gene expression levels from a first gene
classifier and a second gene classifier 1n a subject 1n need
thereol, comprising: (a) 1solating nucleic acids from a skin
sample obtained from the subject, wherein the skin sample
comprises cells from the stratum corneum; (b) detecting the
expression levels of one or more genes from the first gene

classifier: FYB, ITK, 1L26, STAT3A, TRAF3IP3, GNLY,
DNM3, and TNFSF11, by contacting the 1solated nucleic
acids with a set of probes that recognizes one or more genes
from the first gene classifier, and detects binding between
one or more genes from the first gene classifier and the set
of probes; and (c) detecting the expression levels of one or
more genes from the second gene classifier: TOX, LEFI,
CCR4, POU2AF1, GTSF1, PLS3, MMPI12, LCK, and
NEDDA4L, by contacting the 1solated nucleic acids with an
additional set of probes that recognizes one or more genes
from the second gene classifier, and detects binding between
one or more genes from the second gene classifier and the
additional set of probes.

In some embodiments, a method described herein further
comprises use of one or more additional targets to determine
the presence of a skin cancer (e.g., CITCL). In some
instances, the one or more additional targets include a target
suitable for assessing CD4 to CDS8 ratios, e.g., a target
obtained from an immunohistochemistry analyses. In some
instances, the one or more additional targets include CD4,
CD7, CD8, and related CD markers such as CD435RA and
CD45R0O. In some instances, the one or more additional
targets include a target suitable for assessing a loss of CD7
within a skin sample. In some instances, the one or more
additional targets include a target suitable for assessing Th2
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function (e.g., an increased expression of 1L-4, 1L.-5, IL-10,
or TGF-beta). In some instances, the one or more additional
targets include a chemokine receptor family member such as
CCR4 and CCR7. In some 1instances, the one or more
additional targets include cutaneous lymphocyte-associated
antigen (CLA). In some 1instances, the one or more addi-
tional targets include a micro RNA or mutation associated
with non-cutaneous lymphomas.

In some embodiments, a number of probes 1n the set of
probes described above 1s at least or about 1, 2, 3, 3, 6, 7, 8,
9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, or more
than 30 probes. In some embodiments, the number of probes
in the set of probes 1s about 6 probes. In some embodiments,
the number of probes 1n the set of probes 1s about 7 probes.
In some embodiments, the number of probes in the set of
probes 1s about 8 probes. In some embodiments, the number
of probes 1n the set of probes 1s about 9 probes. In some
embodiments, the number of probes in the set of probes 1s
about 13 probes.

In some embodiments, the set of probes comprises one or
more primer pairs. In some embodiments, a number of
primer pairs 1s at least or about 1, 2,3, 5, 6,7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, or more than 30
primer pairs. In some embodiments, the number of primer
pairs 1s about 6 primer pairs. In some embodiments, the
number of primer pairs 1s about 7 primer pairs. In some
embodiments, the number of primer pairs 1s about 13 primer
pairs.

In some embodiments, one or more probes in the set of
probes 1s labeled. In some embodiments, the one or more
probe 1s labeled with a radioactive label, a fluorescent label,
an enzyme, a chemiluminescent tag, a colorimetric tag, an
allinity tag or other labels or tags that are known 1n the art.

Exemplary athnity tags include, but are not limited to,
biotin, desthiobiotin, histidine, polyhistidine, myc, hemag-
glutinin (HA), FLAG, glutathione S transierase (GST), or
derivatives thereof. In some embodiments, the athnity tag 1s
recognized by avidin, streptavidin, nickel, or glutathione.

In some embodiments, the fluorescent label 1s a fluoro-
phore, a fluorescent protein, a fluorescent peptide, quantum
dots, a tluorescent dye, a fluorescent material, or vanations
or combinations thereof.

Exemplary fluorophores include, but are not limited to,
Alexa-Fluor dyes (e.g., Alexa Fluor® 350, Alexa Fluor®
405, Alexa Fluor® 430, Alexa Fluor® 488, Alexa Fluor®
500, Alexa Fluor® 514, Alexa Fluor® 532, Alexa Fluor®
546, Alexa Fluor® 3555, Alexa Fluor® 568, Alexa Fluor®
594, Alexa Fluor® 610, Alexa Fluor® 633, Alexa Fluor®
647, Alexa Fluor® 660, Alexa Fluor® 680, Alexa Fluor®
700, and Alexa Fluor® 750), APC, Cascade Blue, Cascade
Yellow and R-phycoerythrin (PE), DyLight 405, DyLight
488, DyLight 550, DyLight 650, DyLight 680, DyLight 755,
DyLight 800, FITC, Pacific Blue, PerCP, Rhodamine, and
Texas Red, Cy5, Cy3.5, Cy7.

Examples of fluorescent peptides include but are not
limited to GFP (Green Fluorescent Protein) or derivatives of

GFP (e.g., EBFP, EBFP2, Azurite, mKalamal, ECFP, Ceru-
lean, CyPet, YFP, Citrine, Venus, and YPet.

Examples of fluorescent dyes include, but are not limited
to, xanthenes (e.g., rhodamines, rhodols and fluoresceins,
and their dertvatives); bimanes; coumarins and their deriva-
tives (e.g., umbelliferone and aminomethyl coumarins);
aromatic amines (e.g., dansyl; squarate dyes); benzolurans;
fluorescent cyanines; indocarbocyanines; carbazoles; dicya-
nomethylene pyranes; polymethine; oxabenzanthrane; xan-
thene; pyrylium; carbostyl, perylene; acridone; quinacri-
done; rubrene; anthracene; coronene; phenanthrecene;
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pyrene; butadiene; stilbene; porphyrin; pthalocyanine; lan-
thanide metal chelate complexes; rare-earth metal chelate
complexes; and derivatives of such dyes. In some embodi-
ments, the fluorescein dye 1s, but not limited to, 5-car-
boxytluorescein, fluorescein-3-1sothiocyanate, fluorescein-
6-1sothiocyanate and 6-carboxyfluorescemn. In some
embodiments, the rhodamine dye 1s, but not limited to,
tetramethylrhodamine-6-1sothiocyanate, 5-carboxytetram-
cthylrhodamine, 5-carboxy rhodol derivatives, tetramethyl
and tetraethyl rhodamine, diphenyldimethyl and diphenyldi-
cthyl rhodamine, dinaphthyl rhodamine, and rhodamine 101
sulfonyl chloride (sold under the tradename of TEXAS
RED®). In some embodiments, the cyanine dye 1s Cy3,
Cy3B, Cy3.5, Cy5, Cy5.5, Cy7, IRDYE680, Alexa Fluor
750, IRDye800CW, or ICG.

In some embodiments, the gene expression levels of FYB,
I'TK, IL26, STAT5A, TRAF3IP3, GNLY, DNM3, TNEFSF11,
or a combination thereol 1s measured using PCR. Examples
of PCR techniques include, but are not limited to quantita-
tive PCR (qPCR), single cell PCR, PCR-RFLP, digital PCR
(dPCR), droplet digital PCR (ddPCR), single marker qPCR,
hot start PCR, and Nested PCR.

In some embodiments, the gene expression levels of TOX,
LEF1, CCR4, POU2AF1, GTSF1, PLS3, MMP12, LCK,
NEDDA4L, or a combination thereotf 1s measured using PCR.
Examples of PCR techniques include, but are not limited to
quantitative PCR (qPCR), single cell PCR, PCR-RFLP,
digital PCR (dPCR), droplet digital PCR (ddPCR), single
marker qPCR, hot start PCR, and Nested PCR.

In some embodiments, the expression levels are measured
using gPCR. In some embodiments, the gPCR comprises use
of fluorescent dyes or fluorescent probes. In some embodi-
ments, the fluorescent dye 1s an intercalating dye. Examples
of intercalating dyes include, but are not limited to, inter-
calating dyes include SYBR green I, SYBR green II, SYBR
gold, ethidium bromide, methylene blue, Pyromin Y, DAPI,
acridine orange, Blue View, or phycoerythrin. In some
embodiments, the qPCR comprises use of more than one
fluorescent probe. In some embodiments, the use of more
than one fluorescent probes allows for multiplexing. For
example, different non-classical variants are hybridized to
different tluorescent probes and can be detected 1n a single
gPCR reaction. Some embodiments include detecting or
measuring an amount of binding between genes of interest
and a set of probes, and includes detecting or measuring a
fluorescent dye or a fluorescent probe.

Disclosed herein, in some embodiments, are methods of
determining the presence of a skin cancer or non-Hodgkin’s
lymphoma such as a cutaneous T cell lymphoma (CTCL).
Some embodiments include i1solating nucleic acids from a
skin sample obtained from a subject. Some embodiments
include measuring, detecting, receiving, or using an expres-
sion level of a target gene. Some embodiments include
detecting an expression level of a target gene in the skin
sample. Some embodiments include measuring an expres-
sion level of a target gene in the skin sample. Some
embodiments i1nclude receiving an expression level of a
target gene 1n the skin sample. Some embodiments 1include
using an expression level of a target gene 1n the skin sample.
Some embodiments include measuring an expression level
of a target gene 1n the skin sample. Some embodiments
include measuring or detecting an expression level of the
target gene.

Some embodiments include multiple target genes. For
example, multiple target genes may be measured, detected,
or used 1n the methods described herein. Some embodiments
include determining the presence of a skin cancer (e.g.
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CTCL) based on a presence or expression level of a first
target gene, and based on a mutation 1n a second target gene.
Some embodiments include determining the presence of a
skin cancer (e.g. CI'CL) based on a presence or expression
level of multiple target genes. Some embodiments include
determining the presence of a skin cancer (e.g. CTCL) based
on mutations 1 multiple target genes. Some embodiments
include determining the presence of a skin cancer (e.g.
CTCL) based on a presence or expression level of multiple
target genes s, and based on mutations 1 multiple target
genes.

Some embodiments include more than one target gene
(c.g., at least one target gene). For example, the method may
include measuring, detecting, receiving, or using expression
levels of multiple target genes. Some embodiments include
1,2,3,4,5,6,7,8,9,10, 11,12, 13, 14, 15,16, 17, 18, 19,
20, 25, 30, 35, 40, 45, 50, 53, 60, 65, 70, 75, 80, 85, 90, 95,
100, 125, 150, 175, 200, 250, 300, 350, 400, 4350, 500, 550,
600, 650, 700, 750, 800, 850, 900, 950, 1000, or more target
genes. Some embodiments include 1, 2,3, 4, 5, 6,7, 8,9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 30,
55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 125, 150, 175, 200,
250, 300, 350, 400, 450, 500, 5350, 600, 650, 700, 750, 800,
850, 900, 930, 1000, or more target genes, or a range of
target genes defined by any two of the aforementioned
integers. For example, some embodiments include measur-
ing or detecting an expression level of 17 target genes. Some
embodiments include measuring or detecting an expression
level of 8 target genes. Some embodiments include measur-
ing or detecting an expression level of 1-10 target genes.
Some embodiments include measuring or detecting an
expression level of 1-100 target genes. Some embodiments
include at least 1, at least 2, at least 3, at least 4, at least 5,
at least 6, at least 7, at least 8, at least 9, at least 10, at least
11, at least 12, at least 13, at least 14, at least 15, at least 16,
at least 17, at least 18, at least 19, at least 20, at least 25, at
least 30, at least 33, at least 40, at least 45, at least 50, at least
55, at least 60, at least 65, at least 70, at least 75, at least 80,
at least 85, at least 90, at least 93, or at least 100 target genes.
Some embodiments 1include no more than 1, no more than 2,
no more than 3, no more than 4, no more than 35, no more
than 6, no more than 7, no more than 8, no more than 9, no
more than 10, no more than 11, no more than 12, no more
than 13, no more than 14, no more than 15, no more than 16,
no more than 17, no more than 18, no more than 19, no more
than 20, no more than 25, no more than 30, no more than 33,
no more than 40, no more than 435, no more than 50, no more
than 55, no more than 60, no more than 65, no more than 70,
no more than 75, no more than 80, no more than 85, no more
than 90, no more than 95, or no more than 100 target genes.

In some embodiments, the nucleic acids comprise RNA.
In some embodiments, the nucleic acids comprise mRNA. In
some embodiments, measuring or detecting the expression
level of the target gene comprises measuring or detecting an
amount of RNA or mRNA encoded by a nucleic acid
comprising the target gene. In some embodiments, measur-
ing or detecting the expression level of the target gene
comprises measuring or detecting an amount of mRINA
encoded by a nucleic acid comprising the target gene. In
some embodiments, using or receiving the expression level
of the target gene comprises using or recerving information
on an amount of RNA or mRNA encoded by a nucleic acid
comprising the target gene.

Disclosed herein, 1n some embodiments, are target gene
mutations. In some embodiments, the target gene comprises
a target gene mutation. In some embodiments, the target
gene mutation includes a hotspot somatic mutation (e.g.
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driver mutation). In some embodiments, the target gene
mutation includes a significantly mutated gene. In some
embodiments, the target gene mutation includes a hotspot
somatic mutation from a significantly mutated gene. In some
embodiments, the target gene comprises TP53. In some
embodiments, the target gene comprises ZEB1. In some
embodiments, the target gene comprises ARID1A. In some
embodiments, the target gene comprises DNMT3A. In some
embodiments, the target gene comprises CDKN2A. In some
embodiments, the target gene comprises FAS. In some
embodiments, the target gene comprises STATS5B. In some
embodiments, the target gene comprises PRKCQ. In some
embodiments, the target gene comprises RHOA. In some
embodiments, the target gene comprises DNMT3A. In some
embodiments, the target gene comprises PLCGI1. In some
embodiments, the target gene comprises NFKB2. In some
embodiments, the target gene mutation comprises a muta-
tion 1n any of TP33, ZEB1, ARID1A, DNMT3A, CDKN2A,
FAS, STAT5B, PRKCQ, RHOA, DNMT3A, PLCGI, or
NFKB2.

Some embodiments comprise a deletion mutation 1n one
or more of TP53, ZEB1, ARIDIA, DNMT3A, FAS, or
CDKN2A. In some embodiments, the deletion mutation
occurs 1n a subject with CTCL. Some embodiments com-
prise a deletion mutation in TP53. Some embodiments
comprise a deletion mutation in ZEB1. Some embodiments
comprise a deletion mutation 1n ARIDIA. Some embodi-
ments comprise a deletion mutation in DNMT3A. Some
embodiments comprise a deletion mutation 1n FAS. Some
embodiments comprise a deletion mutation 1n CDKN2A.

Some embodiments comprise a truncation. In some
embodiments, the truncation occurs 1n a subject with CTCL.
Some embodiments comprise a truncation of NFKB2. In
some embodiments, the truncation 1s a C-terminal trunca-
tion. Some embodiments comprise a C-terminal truncation
of NFKB2.

Some embodiments include a TP33 mutation. In some
embodiments, the TP53 mutation comprises a Ser34* muta-
tion. In some embodiments, the TP33 mutation comprises a
Ser94* mutation. In some embodiments, the TP53 mutation
comprises a Thrl155Asn mutation. In some embodiments,
the TP33 mutation comprises an Argl 96*mutation. In some
embodiments, the TP33 mutation comprises an Ala215Val
mutation. In some embodiments, the TP53 mutation com-
prises an Ile234Thr mutation. In some embodiments, the
TP33 mutation comprises an Arg273Pro mutation.

Some embodiments include a CD28 mutation. In some
embodiments, the CD28 mutation comprises a PheSllle
mutation. In some embodiments, the CD28 mutation com-
prises a Phe51Val mutation. In some embodiments, the
CD28 mutation comprises a Gln77Pro mutation. In some
embodiments, the CD28 mutation comprises a Lys81Asn
mutation.

Some embodiments include a RhoA mutation. In some
embodiments, the RhoA mutation comprises an Arg70Lys
mutation. In some embodiments, the RhoA mutation com-
prises an Asnll7Ile mutation.

Some embodiments include a DNMT3A mutation. In
some embodiments, the DNMT3A mutation comprises a
Pro233L.eu mutation. In some embodiments, the DNMT3A
mutation comprises a Tyr584* mutation. In some embodi-
ments, the DNMT3A mutation comprises a Ser669Phe
mutation. In some embodiments, the DNMT3A mutation
comprises a Pro777Leu mutation.

Some embodiments include a FAS mutation. In some
embodiments, the FAS mutation comprises a Ser212Cys
mutation. In some embodiments, the FAS mutation com-
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prises a Glu261Lys mutation. In some embodiments, the
FAS mutation comprises an Asp265 Glu mutation.

Some embodiments include a PLCG1 mutation. In some
embodiments, the PLCG1 mutation comprises an Argd48Trp
mutation. In some embodiments, the PLCG1 mutation com-
prises an Asp342Asn mutation. In some embodiments, the
PLCG1 mutation comprises a Ser345Phe mutation. In some
embodiments, the PLCG]1 mutation comprises a
(Glul163Lys mutation.

Some embodiments include detecting the presence at least
one genotype ol one more target genes. Some embodiments
include detecting the presence at least one genotype of one
more target genes known to be mutated m subjects with
CTCL, 1n nucleic acids 1solated from the skin sample of a
subject suspected of having CTCL. In some embodiments,
the nucleic acids comprise or consist of DNA. Some
embodiments include determining whether the subject has
CTCL based on the presence of the at least one genotype.
Some embodiments include methods of determining the
presence of a skin cancer such as a cutancous T cell
lymphoma (CTCL), using a target gene mutation as
described herein. Some embodiments comprise detecting a
mutational change in a target gene. Some embodiments
include detecting a mutational change of a target gene.

Some embodiments relate to detecting expression levels
of one or more target genes, and detecting a target gene
mutation in one or more other target genes. Some embodi-
ments relate to detecting expression levels of one or more
target genes, and detecting a target gene mutation in one or
more of the same target genes.

In some 1nstances, the mutation 1s a missense substitution,
a nonsense substitution (*), a coding silent substitution,
deletion (del), an insertion (ins), or a frameshiit (1s). In some
instances, both expression level and mutational change
provide information regarding the skin cancer 1n the subject.
Information regarding the disease includes, but 1s not limited
to, 1dentification of a skin cancer, likelihood of treatment
success for a skin cancer, identification of progression of a
skin cancer, and 1dentification of a skin cancer stage. In some
instances, at least one of expression level and mutational
change are compared to a control sample for identification of
the skin cancer, determining likelihood of treatment success
for the skin cancer, identification of progression of the skin
cancer, or 1dentification of the skin cancer stage. In some
instances, the control sample 1s any sample that 1s used for
making any one of these determinations. In some instances,
the control sample 1s from a healthy individual. In some
instances, the control 1s a sample from an 1ndividual with a
known disease or disorder. In some instances, the control 1s
from a database or reference. In some instances, the control
1s a normal sample from the same individual. In some
instances, the normal sample 1s a sample that does not
comprise skin cancer, or a sample that would test negative
for skin cancer. In some instances, the normal sample 1s
assayed at the same time or at a different time.

Disclosed herein, in some embodiments, are methods of
determining the presence of a skin cancer such as a cuta-
neous T cell lymphoma (CTCL), comprising i1solating
nucleic acids from a skin sample obtained from a subject,
and detecting an expression level of a target gene. Some
embodiments include measuring or detecting an expression
level of the target gene. Some embodiments include detect-
ing an expression level of the target gene. Some embodi-
ments 1iclude measuring an expression level of the target
gene. Some embodiments include more than one target gene
(e.g., at least one target gene). In some embodiments,
measuring or detecting the expression level of the target
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gene comprises measuring or detecting an amount of RNA
or mRNA encoded by a nucleic acid comprising the target
gene.

Disclosed herein, 1n some embodiments, are methods of
determining the presence of cutaneous T cell lymphoma
(CTCL) 1n a skin sample. Some embodiments include 1den-
tifying a subject suspected of having CTCL. Some embodi-
ments include 1solating nucleic acids from a skin sample
obtained from the subject. In some embodiments, the skin
sample 1s obtained by applying an adhesive patch to a skin
region of the subject. In some embodiments, the adhesive
patch 1s applied 1n a manner suflicient to adhere skin sample
cells to the adhesive patch. In some embodiments, the skin
sample 1s further obtained by removing the adhesive patch
from the skin sample 1n a manner suflicient to retain the
adhered skin sample cells to the adhesive patch. In some
embodiments, the skin sample cells comprise cells from the
stratum corneum. In some embodiments, the skin sample
cells consist of cells from the stratum corneum. Some
embodiments include 1solating nucleic acids from a skin
sample obtained from the subject by applying an adhesive
patch to a skin region of the subject 1n a manner suflicient
to adhere skin sample cells to the adhesive patch, and
removing the adhesive patch from the skin sample 1n a
manner suflicient to retain the adhered skin sample cells to
the adhesive patch, wherein the skin sample cells comprise
or consist of cells from the stratum corneum. Some embodi-
ments include measuring or detecting an expression level of
at least one target gene. In some embodiments, the at least
one target gene 1s known to be upregulated or downregulated
in subjects with CTCL. Some embodiments include con-
tacting the 1solated nucleic acids with a set of probes that
recognize the target gene. Some embodiments include
detecting binding between the at least one target gene and
the set of probes.

Disclosed herein, in some embodiments, are methods of
determining the presence of cutaneous T cell lymphoma
(CTCL) 1n a skin sample, comprising: identifying a subject
suspected of having CTCL; 1solating nucleic acids from a
skin sample obtained from the subject by applying an
adhesive patch to a skin region of the subject in a manner
suilicient to adhere skin sample cells to the adhesive patch,
and removing the adhesive patch from the skin sample 1n a
manner suilicient to retain the adhered skin sample cells to
the adhesive patch, wherein the skin sample cells comprise
cells from the stratum corneum; and measuring or detecting
an expression level of at least one target gene known to be
upregulated or downregulated 1n subjects with CTCL, by
contacting the 1solated nucleic acids with a set of probes that
recognize the target gene, and detecting binding between the
at least one target gene and the set of probes.

Some embodiments include determining whether the sub-
ject has CTCL based on the expression level of the at least
one target gene. In some embodiments, the expression level
1s upregulated compared to a gene expression level of an
equivalent gene from a control sample. In some embodi-
ments, the expression level 1s downregulated compared to a
gene expression level of an equivalent gene from a control
sample. In some embodiments, the at least one target gene
comprises a gene encoding an adapter protein. In some
embodiments, the at least one target gene comprises a gene
encoding a tyrosine kinase. In some embodiments, the at
least one target gene comprises a gene encoding an inter-
leukin. In some embodiments, the at least one target gene
comprises a gene encoding a transcription factor. In some
embodiments, the at least one target gene comprises a gene
encoding a TNF receptor associated factor protein. In some
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embodiments, the at least one target gene comprises a gene
encoding a TNE. In some embodiments, the at least one
target gene comprises a gene encoding a saposin-like pro-
tein. In some embodiments, the at least one target gene
comprises a gene encoding a GTP-binding protein. In some
embodiments, the at least one target gene comprises a gene
encoding a chromatin associated protein. In some embodi-
ments, the at least one target gene comprises a gene encod-
ing a G-protein-coupled receptor. In some embodiments, the
at least one target gene comprises a gene encoding a
transcriptional coactivator. In some embodiments, the at
least one target gene comprises a gene encoding a sperma-
togenesis protein. In some embodiments, the at least one
target gene comprises a gene encoding an actin-binding
protein. In some embodiments, the at least one target gene
comprises a gene encoding a matrix metalloproteinase. In
some embodiments, the at least one target gene comprises a
gene encoding a ubiquitin ligase. In some embodiments, the
at least one target gene comprises a gene encoding modu-
lator of cell death. In some embodiments, the at least one
target gene comprises a gene encoding an antimicrobial. In
some embodiments, the at least one target gene comprises a
gene encoding a cytokine. In some embodiments, the at least
one target gene comprises a gene encoding a DNA-binding
protein. In some embodiments, the at least one target gene
comprises a FYN-binding protein family member. In some
embodiments, the at least one target gene comprises a TEC
kinase family member. In some embodiments, the at least
one target gene comprises a STAT. In some embodiments,
the at least one target gene comprises a TRAF3 interacting
protein. In some embodiments, the at least one target gene
comprises a dynamin family member. In some embodi-
ments, the at least one target gene comprises a TNF super-
family member. In some embodiments, the at least one target
gene comprises a thymocyte selection associated high
mobility group box family member. In some embodiments,
the at least one target gene comprises a lymphoid enhancer
binding factor family member. In some embodiments, the at
least one target gene comprises a C-C chemokine receptor
type family member. In some embodiments, the at least one
target gene comprises an Oct binding factor family member.
In some embodiments, the at least one target gene comprises
a gametocyte-specific family member. In some embodi-
ments, the at least one target gene comprises a plastin family
member. In some embodiments, the at least one target gene
comprises a lymphocyte-specific protein tyrosine Kkinase
family member. In some embodiments, the at least one target
gene comprises a member of the NEDD4 family of E3
HECT domain ubiquitin ligases. In some embodiments, the
at least one target gene comprises a C-C motif chemokine
ligand family member. In some embodiments, the at least
one target gene comprises a chemokine. In some embodi-
ments, the at least one target gene comprises a CXC chemo-
kine.

In some embodiments, the at least one target gene com-
prises a gene encoding a saposin-like protein, a gene encod-
ing a FYN-binding protein family member, a gene encoding
a TEC kinase family member, a gene encoding a STAT, a
gene encoding a TRAF3 interacting protein, a gene encoding
a CXC chemokine family member, and/or a combination
thereof. In some embodiments, the at least one target gene
1s upregulated.

Disclosed herein, 1n some embodiments, are methods for
non-invasively identitying a cutaneous T cell lymphoma
(CTCL) 1n a subject suspected of having the CTCL. In some
embodiments, the method includes 1solating nucleic acids
from a skin sample adhered to an adhesive patch, the skin
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sample having been obtained from the subject suspected of
having the CTCL. Some embodiments include contacting,
the 1solated nucleic acids with a set of probes that recognize
one or more genes of interest implicated 1n the CTCL. Some
embodiments include detecting or measuring an amount of
binding between the genes of interest and the set of probes.
Some embodiments include comparing the amount of bind-
ing between the genes of interest and the set of probes to a
control or threshold amount of binding. Some embodiments
include identiiying the subject as having the C1'CL, or as not
having the CTCL, based on the amount of binding between
the genes of interest and the set of probes relative to the
control or threshold of binding. In some embodiments,
identifying the subject as having the CTCL, or as not having
the CTCL, based on the amount of binding between the
genes of iterest and the set of probes relative to the control
or threshold amount of binding comprises applying the
amount of binding to a random forest model, a boosting
model, a logit model, a lasso model, or a combination
thereot, and comprises taking into account interactions of
the genes of interest. Some embodiments include adminis-
tering an eflective amount of a therapeutic agent to the
subject 1dentified as having the CTCL.

Disclosed herein, in some embodiments, are methods for
non-invasively identifying a cutaneous T cell lymphoma
(CTCL) 1n a subject suspected of having NMSC, the method
comprising: isolating nucleic acids from a skin sample
adhered to an adhesive patch, the skin sample having been
obtained from the subject suspected of having the CTCL;
contacting the 1solated nucleic acids with a set of probes that
recognize one or more genes of interest implicated in CTCL;
and detecting or measuring an amount of binding between
the genes of interest and the set of probes.

Disclosed herein, in some embodiments, are methods for
non-invasively identitying a cutancous T cell lymphoma
(CTCL). Some embodiments include identifying a subject
suspected of having the CTCL. Some embodiments include
applying an adhesive patch to the subject’s skin 1n a manner
suilicient to adhere a skin sample to the adhesive patch.
Some embodiments include removing the adhesive patch
from the subject’s skin 1n a manner suflicient to retain the
skin sample adhered to the adhesive patch. Some embodi-
ments include obtaining expression levels of genes of inter-
est 1implicated in CTCL, or determining an amount of
binding between the genes of interest and a set of probes that
recognize the genes of interest.

Disclosed herein, 1n some embodiments, are methods for
non-invasively identitying a cutancous T cell lymphoma
(CTCL), comprising: i1dentifying a subject suspected of
having the CTCL; applying an adhesive patch to the sub-
ject’s skin 1n a manner suflicient to adhere a skin sample to
the adhesive patch; removing the adhesive patch from the
subject’s skin 1n a manner suthlicient to retain the skin sample
adhered to the adhesive patch; and obtaining expression
levels of genes of 1nterest implicated 1n CTCL, or determin-
ing an amount of binding between the genes of 1nterest and
a set of probes that recognize the genes of interest.

Disclosed herein, 1n some embodiments, are methods for
non-invasively identifying cutancous T cell lymphoma
(CTCL) 1n a subject suspected of having CTCL. In some
embodiments, the method includes 1solating nucleic acids
from a skin sample adhered to an adhesive patch. In some
embodiments, the skin sample was obtained from the stra-
tum corneum oi the subject suspected of having CTCL.
Some embodiments include contacting the i1solated nucleic
acids with a set of probes that recognize target genes; and
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detecting or measuring an amount of binding between the
nucleic acids and the set of probes.

Disclosed herein, 1n some embodiments, are methods for
non-invasively i1dentifying cutaneous T cell lymphoma
(CTCL) 1n a subject suspected of having CTCL, the method
comprising: 1solating nucleic acids from a skin sample
adhered to an adhesive patch, the skin sample having been
obtained from the stratum corneum of the subject suspected
of having CTCL; contacting the 1solated nucleic acids with
a set of probes that recognize target genes; and detecting or
measuring an amount of binding between the nucleic acids
and the set of probes.

Disclosed herein, 1n some embodiments, are methods for
non-invasively i1dentifying cutaneous T cell lymphoma
(CTCL). In some embodiments, the method includes 1den-
tifying a subject suspected of having CTCL. Some embodi-
ments 1mclude applying an adhesive patch to the subject’s
skin 1n a manner suflicient to adhere a skin sample to the
adhesive patch. Some embodiments include removing the
adhesive patch from the subject’s skin 1n a manner suilicient
to retain the skin sample adhered to the adhesive patch.
Some embodiments include obtaining expression levels of
target genes mmplicated 1n CTCL. Some embodiments
include determining an amount of binding between the
genes ol interest and a set of probes that recognize the target
genes.

Disclosed herein, 1n some embodiments, are methods for
non-invasively 1dentifying cutaneous T cell lymphoma
(CTCL), comprising: identifying a subject suspected of
having CTCL; applying an adhesive patch to the subject’s
skin 1n a manner suflicient to adhere a skin sample to the
adhesive patch; removing the adhesive patch from the
subject’s skin in a manner suilicient to retain the skin sample
adhered to the adhesive patch; and obtaining expression
levels of target genes implicated in CTCL, or determining an
amount ol binding between the genes of interest and a set of
probes that recognize the target genes.

Some embodiments of the methods described herein
include detecting the presence at least one genotype of one
more additional target genes known to be mutated 1n sub-
jects with CTCL, 1n the nucleic acids or 1n a separate set of
nucleic acids 1solated from the skin sample. In some
embodiments, the nucleic acids or the separate set of nucleic
acids comprise DNA. In some embodiments, determining
whether the subject has CTCL further comprises determin-
ing whether the subject has CTCL based on the presence of
the at least one genotype.

Described herein, 1n some embodiments, are methods of
detecting gene expression levels and mutational changes 1n
a skin sample. In some embodiments, the method 1ncludes
1solating nucleic acids from the skin sample. Some embodi-
ments mnclude measuring or detecting expression levels of
one or more target genes. Some embodiments include
detecting a mutational change of one or more other target
genes. In some embodiments, the gene expression levels are
detected by contacting the 1solated nucleic acids with a set
of probes, and detecting binding between the target genes
and the set of probes. Some embodiments 1nclude contacting
the 1solated nucleic acids with a set of probes. Some
embodiments 1include contacting detecting binding between
the target genes and the set of probes. Some embodiments
include detecting the gene expression levels by contacting
the 1solated nucleic acids with a set of probes, and detecting
binding between the target genes and the set of probes.

Described herein, in some embodiments, are methods of
detecting gene expression levels and mutational changes 1n
a skin sample, comprising: 1solating nucleic acids from the
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skin sample; and detecting the expression levels of one or
more target genes; and a mutational change of one or more
other target genes; wherein the gene expression levels are
detected by contacting the 1solated nucleic acids with a set
of probes, and detecting binding between the target genes
and the set of probes.

Methods of Treatment

Disclosed herein, in some embodiments, are methods of
treating a subject suspected of having skin cancer. Some
embodiments 1include methods of treating a subject with a
skin cancer. In some embodiments, the method includes
identifying a subject suspected of having the skin cancer.
Some embodiments include i1solating nucleic acids from a
skin sample of the subject. In some embodiments, the skin
sample 1s obtained from the subject by applying an adhesive
patch to a skin region of the subject. In some embodiments,
the adhesive patch 1s applied 1n a manner suthicient to adhere
skin sample cells. In some embodiments, the skin sample 1s
obtained from the subject further by removing the adhesive
patch from the skin sample. In some embodiments, the
adhesive patch 1s removed 1n a manner sutlicient to retain the
adhered skin sample cells to the adhesive patch. In some
embodiments, the skin sample cells comprise cells from the
stratum corneum. In some embodiments, the skin sample
cells consist of cells from the stratum cormeum. Some
embodiments include measuring or detecting an expression
level of at least one target gene. The target gene may include
any of the target genes s described herein. In some embodi-
ments, the at least one target gene 1s known to be upregu-
lated or downregulated 1n subjects with the skin cancer. In
some embodiments, the at least one target gene 1s upregu-
lated or downregulated 1n the subject. Some embodiments
include contacting the 1solated nucleic acids with a set of
probes that recogmize the target gene. Some embodiments
include detecting binding between the at least one target
gene and the set of probes. In some embodiments, the
expression level 1s detected or measured by contacting the
1solated nucleic acids with a set of probes that recognize the
target gene, and detecting binding between the at least one
target gene and the set of probes. Some embodiments
include receiving the expression level of the at least one
target gene, wherein the expression level was measured or
detected using a method as described herein. Some embodi-
ments include determining whether the subject has the skin
cancer based on the expression level of the at least one target
gene. Some embodiments include administering a skin can-
cer treatment to the subject. Some embodiments i1nclude
administering the skin cancer treatment to the subject when
the subject 1s determined to have the skin cancer based on
the expression level of the at least one target gene. Some
embodiments include not administering the skin cancer
treatment to the subject 11 the subject 1s not determined to
have cancer based on the expression level of the at least one
target gene. Some embodiments include withholding the
skin cancer treatment from the subject when the subject 1s
not determined to have skin cancer based on the expression
level of the at least one target gene. In some embodiments,
the subject has the skin cancer. In some embodiments, the
skin cancer 1s cutancous T cell lymphoma (CTCL). In some
embodiments, the skin cancer treatment 1s a CTCL treat-
ment.

Disclosed herein, in some embodiments, are methods of
treating a subject with cutaneous T cell lymphoma (CTCL),
comprising: 1dentifying a subject suspected of having
CTCL; 1solating nucleic acids from a skin sample obtained
from the subject by applying an adhesive patch to a skin
region of the subject in a manner suflicient to adhere skin
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sample cells to the adhesive patch, and removing the adhe-
sive patch from the skin sample 1n a manner suflicient to
retain the adhered skin sample cells to the adhesive patch,
wherein the skin sample cells comprise cells from the
stratum corneum; detecting an expression level of at least
one target gene known to be upregulated or downregulated
in subjects with CTCL, by contacting the 1solated nucleic
acids with a set of probes that recognize the target gene, and
detecting binding between the at least one target gene and
the set of probes; determining whether the subject has CTCL
based on the expression level of the at least one target gene;
and administering a CT'CL treatment to the subject when the
subject 1s determined to have CTCL based on the expression
level of the at least one target gene, and not administering
the CTCL treatment to the subject when the subject 1s not
determined to have CTCL based on the expression level of
the at least one target gene.

Disclosed herein, 1n some embodiments, are methods of
treating a subject with cutaneous T cell lymphoma (CTCL).
Some embodiments include 1dentifying a subject suspected
of having CTCL. Some embodiments include obtaining a
skin sample the subject by applying the adhesive patch to the
subject’s skin 1n a manner suflicient to adhere the skin
sample to the adhesive patch, and removing the adhesive
patch from the subject’s skin 1n a manner suthicient to retain
the skin sample adhered to the adhesive patch. Some
embodiments include 1solating nucleic acids from the skin
sample. Some embodiments include contacting the isolated
nucleic acids with a set of probes that recognize one or more
genes of interest implicated 1 CTCL. Some embodiments
include detecting or measuring the amount of binding
between the genes of interest and the set of probes. Some
embodiments 1nclude identifying the subject as having
CTCL, or as not having CTCL, based on the amount of
binding between the genes of interest and the set of probes.
Some embodiments include admimistering a treatment for
the CTCL based on the determination of whether the subject
has CTCL.

Disclosed herein, in some embodiments, are methods of
treating a subject with cutaneous T cell lymphoma (CTCL),
comprising: 1dentifying a subject suspected of having
CTCL; obtaining a skin sample the subject by applying the
adhesive patch to the subject’s skin 1n a manner suflicient to
adhere the skin sample to the adhesive patch, and removing
the adhesive patch from the subject’s skin 1n a manner
suflicient to retain the skin sample adhered to the adhesive
patch; 1solating nucleic acids from the skin sample; contact-
ing the isolated nucleic acids with a set of probes that
recognize one or more genes of interest implicated in CTCL;
detecting or measuring the amount of binding between the
genes ol interest and the set of probes; i1dentifying the
subject as having CTCL, or as not having CTCL, based on
the amount of binding between the genes of interest and the
set of probes; and administering a treatment for the CTCL
based on the determination of whether the subject has
CTCL.

Disclosed herein, in some embodiments, are methods of
treating a subject suspected of having cutaneous T cell
lymphoma (CTCL). In some embodiments, the method
includes 1solating nucleic acids from a skin sample adhered
to an adhesive patch. In some embodiments, the skin sample
has been obtained from the subject’s stratum corneum.
Some embodiments include contacting the i1solated nucleic
acids with a set of probes that recognize target genes. Some
embodiments include detecting or measuring an amount of
binding between the nucleic acids and the set of probes.
Some embodiments include administering to the subject a
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treatment for CTCL when the amount of binding between
the nucleic acids and the set of probes 1s altered 1n the skin
sample relative to a control or threshold amount of binding.
Some embodiments include determining that the subject has
CTCL when the amount of binding between the nucleic
acids and the set of probes in the skin sample 1s altered
relative to the control or threshold amount of binding. In
some embodiments, the amount of binding between the
nucleic acids and the set of probes 1n the skin sample 1s
greater than the control or threshold amount of binding. In
some embodiments, the amount of binding between the
nucleic acids and the set of probes 1n the skin sample 1s less
than the control or threshold amount of binding.

Disclosed herein, 1n some embodiments, are methods of
treating a subject suspected of having cutaneous T cell
lymphoma (CTCL), comprising: 1solating nucleic acids
from a skin sample adhered to an adhesive patch, the skin
sample having been obtained from the subject’s stratum
corneum; contacting the 1solated nucleic acids with a set of
probes that recognize target genes; detecting or measuring,
an amount of binding between the nucleic acids and the set
of probes; and administering to the subject a treatment for
CTCL when the amount of binding between the nucleic
acids and the set of probes is altered in the skin sample
relative to a control or threshold amount of binding.

Described herein, in some embodiments, are methods of
treatment that mclude administering a skin cancer treatment
such as a cutaneous T cell lymphoma (CTCL) treatment to
a subject. Some embodiments include administering a
CTCL treatment to the subject based on a determination of
whether the subject has CTCL. In some embodiments, the
CTCL treatment comprises a pharmaceutical composition.
In some embodiments, the CTCL treatment comprises a
steroid treatment. In some embodiments, the CTCL treat-
ment comprises interferon treatment. In some embodiments,
the CICL treatment comprises chemotherapy. In some
embodiments, the CTCL treatment comprises phototherapy.
In some embodiments, the CTCL treatment comprises radia-
tion therapy. In some embodiments, the CTCL treatment
comprises a surgery. In some embodiments, the CTCL
treatment comprises a transplant. In some embodiments, the
CTCL treatment comprises a bone marrow transplant. In
some embodiments, the CTCL treatment comprises a ste-
roid, interferon, chemotherapy, phototherapy, radiation
therapy, or a bone marrow transplant.

In some embodiments, the CTCL treatment includes
administration of bexarotene to the subject. In some embodi-
ments, the bexarotene 1s 1n a gel. In some embodiments, the
CTCL treatment 1includes administration of mechlore-
thamine to the subject. In some embodiments, the mechlo-
rethamine 1s 1n a gel. In some embodiments, the CTCL
treatment includes administration of a retinoid to the subject.
In some embodiments, the CTCL treatment includes admin-
istration of a corticosteroid to the subject. In some embodi-
ments, the CTCL treatment includes administration of 1mi-
quimod to the subject. In some embodiments, the CTCL
treatment includes administration of local radiation to the
subject. In some embodiments, the CTCL treatment includes
administration of ultraviolet light to the subject. In some
embodiments, the CTCL treatment includes administration
of extracorporeal photopheresis to the subject. In some
embodiments, the CTCL treatment includes administration
of acitretin to the subject. In some embodiments, the CTCL
treatment 1includes administration of bexarotene to the sub-
ject. In some embodiments, the CTCL treatment includes
administration of interferon to the subject. In some embodi-
ments, the CTCL treatment includes administration of
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methotrexate to the subject. In some embodiments, the
CTCL treatment includes administration of romidepsin to
the subject. In some embodiments, the CTCL treatment
includes administration of vorinostat to the subject.

Some embodiments include 1, 2, 3,4, 5, 6,7, 8,9, 10, 11,
12, 13, 14, or 15, or more administrations of the skin cancer
treatment. Some embodiments include a range defined by
any two ol 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, or 15,
administrations of the skin cancer treatment. Some embodi-
ments mclude administration daily, weekly, biweekly, or
monthly.

In some embodiments, the skin cancer treatment includes
a pharmaceutical composition. In some embodiments, the
pharmaceutical composition 1s sterile. In some embodi-
ments, the pharmaceutical composition includes a pharma-
ceutically acceptable carrier. In some embodiments, the
pharmaceutically acceptable carrier comprises water. In
some embodiments, the pharmaceutically acceptable carrier
comprises a bufler. In some embodiments, the pharmaceu-
tically acceptable carrier comprises a saline solution. In
some embodiments, the pharmaceutically acceptable carrier
comprises water, a buller, or a saline solution. In some
embodiments, the composition comprises a liposome. In
some embodiments, the pharmaceutically acceptable carrier
comprises liposomes, lipids, nanoparticles, proteins, pro-
tein-antibody complexes, peptides, cellulose, nanogel, or a
combination thereof.

In some embodiments, the skin cancer treatment results in
prevention, mnhibition, or reversion of the skin cancer in the
subject. Some embodiments relate to use of a skin cancer
treatment herein in the method of preventing, inhibiting, or
reversing the skin cancer. Some embodiments relate to a
method of preventing, inhibiting, or reversing a skin cancer
such as cutaneous T cell lymphoma (CTCL) 1n a subject 1n
need thereof. Some embodiments include administering a
pharmaceutical composition to a subject with the skin can-
cer. In some embodiments, the administration prevents,
inhibits, or reverses the skin cancer 1n the subject. In some
embodiments, the pharmaceutical composition prevents,
inhibits, or reverses the skin cancer in the subject.

Some embodiments include administering a skin cancer
treatment. In some embodiments, administering comprises
giving, applying or bringing the skin cancer treatment into
contact with the subject. In some embodiments, administra-
tion 1s accomplished by any of a number of routes. In some
embodiments, administration 1s accomplished by a topical,
oral, subcutanecous, mtramuscular, intraperitoneal, ntrave-
nous, intrathecal or intradermal route.

Components of the Skin Collection Kit

In some embodiments, the adhesive patch from the
sample collection kit described herein comprises a first
collection area comprising an adhesive matrix and a second
area extending from the periphery of the first collection area.
The adhesive matrix 1s located on a skin facing surface of the
first collection area. The second area functions as a tab,
suitable for applying and removing the adhesive patch. The
tab 1s suflicient in size so that while applying the adhesive
patch to a skin surface, the applicant does not come in
contact with the matrix material of the first collection area.
In some embodiments, the adhesive patch does not contain
a second area tab. In some instances, the adhesive patch 1s
handled with gloves to reduce contamination of the adhesive
matrix prior to use.

In some embodiments, the first collection area 1s a poly-
urethane carrier film. In some embodiments, the adhesive
matrix 1s comprised of a synthetic rubber compound. In
some embodiments, the adhesive matrix 1s a styrene-1so0-
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prene-styrene (SIS) linear block copolymer compound. In
some 1nstances, the adhesive patch does not comprise latex,
silicone, or both. In some instances, the adhesive patch 1s
manufactured by applying an adhesive material as a liquid-
solvent mixture to the first collection area and subsequently
removing the solvent. In some embodiments, the adhesive
matrix 1s configured to adhere cells from the stratum cor-
neum of a skin sample.

The matrix material 1s suthciently sticky to adhere to a
skin sample. The matrix material 1s not so sticky that 1s
causes scarring or bleeding or 1s diflicult to remove. In some
embodiments, the matrix material 1s comprised of a trans-
parent material. In some instances, the matrix material 1s
biocompatible. In some instances, the matrix material does
not leave residue on the surface of the skin after removal. In
certain 1nstances, the matrix material 1s not a skin 1rritant.

In some embodiments, the adhesive patch comprises a
flexible material, enabling the patch to conform to the shape
of the skin surface upon application. In some instances, at
least the first collection area 1s flexible. In some instances,
the tab 1s plastic. In an illustrative example, the adhesive
patch does not contain latex, silicone, or both. In some
embodiments, the adhesive patch 1s made of a transparent
material, so that the skin sampling area of the subject 1s
visible after application of the adhesive patch to the skin
surface. The transparency ensures that the adhesive patch 1s
applied on the desired area of skin comprising the skin area
to be sampled. In some embodiments, the adhesive patch 1s
between about 5 and about 100 mm 1n length. In some
embodiments, the first collection area 1s between about 5 and
about 40 mm 1n length. In some embodiments, the first
collection area 1s between about 10 and about 20 mm 1n
length. In some embodiments the length of the first collec-
tion area 1s configured to accommodate the area of the skin
surface to be sampled, including, but not limited to, about 19
mm, about 20 mm, about 21 mm, about 22 mm, about 23
mm, about 24 mm, about 25 mm, about 30 mm, about 35
mm, about 40 mm, about 45 mm, about 50 mm, about 355
mm, about 60 mm, about 65 mm, about 70 mm, about 75
mm, about 80 mm, about 85 mm, about 90 mm, and about
100 mm. In some embodiments, the first collection area 1s
clliptical.

In further embodiments, the adhesive patch of this inven-
tion 1s provided on a peelable release sheet 1in the adhesive
skin sample collection kit. In some embodiments, the adhe-
sive patch provided on the peelable release sheet 1s config-
ured to be stable at temperatures between —80° C. and 30°
C. for at least 6 months, at least 1 year, at least 2 years, at
least 3 years, and at least 4 years. In some instances, the
peelable release sheet 1s a panel of a tri-fold skin sample
collector.

In some 1nstances, nucleic acids are stable on adhesive
patch or patches when stored for a period of time or at a
particular temperature. In some 1nstances, the period of time
1s at least or about 1 day, 2 days, 3 days, 4 days, 5 days, 6
days, 7 days, 2 weeks, 3 weeks, 4 weeks, or more than 4
weeks. In some 1nstances, the period of time 1s about 7 days.
In some instances, the period of time 1s about 10 days. In
some 1nstances, the temperature 1s at least or about —80° C.,
-70° C., -60° C., -30° C., -40° C., =20° C., -10° C., —4°
C.,0°C, 5 C.,15°C, 18°C, 20° C,, 25° C., 30° C., 35°
C., 40° C., 45° C., 50° C., or more than 50° C. The nucleic
acids on the adhesive patch or patches, 1n some embodi-
ments, are stored for any period of time described herein and
any particular temperature described herein. For example,
the nucleic acids on the adhesive patch or patches are stored
for at least or about 7 days at about 25° C., 7 days at about
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30° C., 7 days at about 40° C., 7 days at about 50° C., 7 days
at about 60° C., or 7 days at about 70° C. In some 1nstances,
the nucleic acids on the adhesive patch or patches are stored
for at least or about 10 days at about —-80° C.

The peeclable release sheet, 1n certain embodiments, 1s
configured to hold a plurality of adhesive patches, including,
but not limited to, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, from
about 2 to about &, from about 2 to about 7, from about 2 to
about 6, from about 2 to about 4, from about 3 to about 6,
from about 3 to about 8, from about 4 to about 10, from
about 4 to about 8, from about 4 to about 6, from about 4 to
about 5, from about 6 to about 10, from about 6 to about &,
or from about 4 to about 8. In some 1nstances, the peelable
release sheet 1s configured to hold about 12 adhesive
patches. In some instances, the peelable release sheet 1s
configured to hold about 11 adhesive patches. In some
istances, the peelable release sheet 1s configured to hold
about 10 adhesive patches. In some 1nstances, the peelable
release sheet 1s configured to hold about 9 adhesive patches.
In some 1nstances, the peelable release sheet 1s configured to
hold about 8 adhesive patches. In some instances, the
peelable release sheet 1s configured to hold about 7 adhesive
patches. In some 1instances, the peelable release sheet 1s
configured to hold about 6 adhesive patches. In some
instances, the peelable release sheet 1s configured to hold
about 5 adhesive patches. In some instances, the peelable
release sheet 1s configured to hold about 4 adhesive patches.
In some 1nstances, the peelable release sheet 1s configured to
hold about 3 adhesive patches. In some instances, the
peelable release sheet 1s configured to hold about 2 adhesive
patches. In some 1instances, the peelable release sheet 1s
configured to hold about 1 adhesive patch.

Provided herein, 1n certain embodiments, are methods and
compositions for obtaining a sample using an adhesive
patch, wherein the adhesive patch 1s applied to the skin and
removed from the skin. After removing the used adhesive
patch from the skin surface, the patch stripping method, in
some 1nstances, further comprise storing the used patch on
a placement area sheet, where the patch remains until the
skin sample 1s 1solated or otherwise utilized. In some
instances, the used patch 1s configured to be stored on the
placement area sheet for at least 1 week at temperatures
between —80° C. and 30° C. In some embodiments, the used
patch 1s configured to be stored on the placement area sheet
for at least 2 weeks, at least 3 weeks, at least 1 month, at least
2 months, at least 3 months, at least 4 months, at least 5
months, and at least 6 months at temperatures between —80°
C. to 30° C.

In some instances, the placement area sheet comprises a
removable liner, provided that prior to storing the used patch
on the placement area sheet, the removable liner 1s removed.
In some 1nstances, the placement area sheet 1s configured to
hold a plurality of adhesive patches, including, but not
limited to, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, from about 2
to about 8, from about 2 to about 7, from about 2 to about
6, from about 2 to about 4, from about 3 to about 6, from
about 3 to about 8, from about 4 to about 10, from about 4
to about 8, from about 4 to about 6, from about 4 to about
5, from about 6 to about 10, from about 6 to about 8, or from
about 4 to about 8. In some instances, the placement area
sheet 1s configured to hold about 12 adhesive patches. In
some 1nstances, the placement area sheet 1s configured to
hold about 11 adhesive patches. In some instances, the
placement area sheet 1s configured to hold about 10 adhesive
patches. In some instances, the placement area sheet 1s
configured to hold about 9 adhesive patches. In some
instances, the placement area sheet 1s configured to hold
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about 8 adhesive patches. In some 1nstances, the placement
area sheet 1s configured to hold about 7 adhesive patches. In
some 1nstances, the placement area sheet 1s configured to
hold about 6 adhesive patches. In some instances, the
placement area sheet 1s configured to hold about 5 adhesive
patches. In some instances, the placement area sheet 1s
configured to hold about 4 adhesive patches. In some
instances, the placement area sheet 1s configured to hold
about 3 adhesive patches. In some 1nstances, the placement
area sheet 1s configured to hold about 2 adhesive patches. In
some 1nstances, the placement area sheet 1s configured to
hold about 1 adhesive patch.

The used patch, 1n some instances, 1s stored so that the
matrix containing, skin facing surface of the used patch 1s in
contact with the placement area sheet. In some 1nstances, the
placement area sheet 1s a panel of the tri-fold skin sample
collector. In some instances, the tri-fold skin sample collec-
tor further comprises a clear panel. In some instances, the
tri-fold skin sample collector 1s labeled with a unique
barcode that 1s assigned to a subject. In some instances, the
tri-fold skin sample collector comprises an area for labeling
subject mnformation.

In an illustrative embodiment, the adhesive skin sample
collection kit comprises the tri-fold skin sample collector
comprising adhesive patches stored on a peelable release
panel. In some instances, the tri-fold skin sample collector
turther comprises a placement area panel with a removable
liner. In some 1nstances, the patch stripping method involves
removing an adhesive patch from the tri-fold skin sample
collector peelable release panel, applying the adhesive patch
to a skin sample, removing the used adhesive patch con-
taining a skin sample and placing the used patch on the
placement area sheet. In some instances, the placement area
panel 1s a single placement area panel sheet. In some
instances, the identity of the skin sample collected 1s indexed
to the tri-fold skin sample collector or placement area panel
sheet by using a barcode or printing patient information on
the collector or panel sheet. In some 1nstances, the mdexed
tri-fold skin sample collector or placement sheet 1s sent to a
diagnostic lab for processing. In some instances, the used
patch 1s configured to be stored on the placement panel for
at least 1 week at temperatures between —80° C. and 25° C.
In some embodiments, the used patch i1s configured to be
stored on the placement area panel for at least 2 weeks, at
least 3 weeks, at least 1 month, at least 2 months, at least 3
months, at least 4 months, at least 5 months, and at least 6
months at temperatures between —80° C. and 25° C. In some
embodiments, the indexed tri-fold skin sample collector or
placement sheet 1s sent to a diagnostic lab using UPS or
FedEx.

In an exemplary embodiment, the patch stripping method
turther comprises preparing the skin sample prior to appli-
cation of the adhesive patch. Preparation of the skin sample
includes, but 1s not limited to, removing hairs on the skin
surface, cleansing the skin surface and/or drying the skin
surface. In some 1nstances, the skin surface 1s cleansed with
an antiseptic including, but not limited to, alcohols, quater-
nary ammonium compounds, peroxides, chlorhexidine,
halogenated phenol derivatives and quinolone derivatives.
In some 1nstances, the alcohol 1s about O to about 20%, about
20 to about 40%, about 40 to about 60%, about 60 to about
80%, or about 80 to about 100% 1sopropyl alcohol. In some
instances, the antiseptic 1s 70% 1sopropyl alcohol.

In some embodiments, the patch stripping method 1s used
to collect a skin sample from the surfaces including, but not
limited to, the face, head, neck, arm, chest, abdomen, back,
leg, hand or foot. In some 1nstances, the skin surface 1s not
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located on a mucous membrane. In some instances, the skin
surface 1s not ulcerated or bleeding. In certain instances, the
skin surface has not been previously biopsied. In certain
instances, the skin surface 1s not located on the soles of the
feet or palms.

The patch stripping method, devices, and systems
described herein are useful for the collection of a skin
sample from a skin lesion. A skin lesion is a part of the skin
that has an appearance or growth different from the sur-
rounding skin. In some instances, the skin lesion 1s pig-
mented. A pigmented lesion includes, but 1s not limited to,
a mole, dark colored skin spot and a melanin containing skin
area. In some embodiments, the skin lesion 1s from about 5
mm to about 16 mm 1n diameter. In some instances, the skin
lesion 1s from about 5 mm to about 15 mm, from about 5 mm
to about 14 mm, from about 5 mm to about 13 mm, {from
about 5 mm to about 12 mm, from about 5 mm to about 11
mm, from about 5 mm to about 10 mm, from about 5 mm
to about 9 mm, from about 5 mm to about 8 mm, from about
5 mm to about 7 mm, from about 5 mm to about 6 mm, from
about 6 mm to about 15 mm, from about 7 mm to about 15
mm, from about 8 mm to about 15 mm, from about 9 mm
to about 15 mm, from about 10 mm to about 15 mm, from
about 11 mm to about 15 mm, from about 12 mm to about
15 mm, from about 13 mm to about 15 mm, from about 14
mm to about 15 mm, from about 6 to about 14 mm, from
about 7 to about 13 mm, from about 8 to about 12 mm and
from about 9 to about 11 mm 1n diameter. In some embodi-
ments, the skin lesion 1s from about 10 mm to about 20 mm,
from about 20 mm to about 30 mm, from about 30 mm to
about 40 mm, from about 40 mm to about 50 mm, from
about 50 mm to about 60 mm, from about 60 mm to about
70 mm, from about 70 mm to about 80 mm, from about 80
mm to about 90 mm, and from about 90 mm to about 100
mm 1 diameter. In some 1instances, the diameter 1s the
longest diameter of the skin lesion. In some instances, the
diameter 1s the smallest diameter of the skin lesion.

The adhesive skin sample collection kit, 1n some embodi-
ments, comprises at least one adhesive patch, a sample
collector, and an instruction for use sheet. In an exemplary
embodiment, the sample collector 1s a tri-fold skin sample
collector comprising a peelable release panel comprising at
least one adhesive patch, a placement area panel comprising
a removable liner, and a clear panel. The tri-fold skin sample
collector, 1n some instances, further comprises a barcode
and/or an area for transcribing patient information. In some
instances, the adhesive skin sample collection kit 1s config-
ured to include a plurality of adhesive patches, including but
not limited to 12, 11, 10, 9, 8, 7, 6, 5. 4, 3, 2, 1, from about
2 to about 8, from about 2 to about 7, from about 2 to about
6, from about 2 to about 4, from about 3 to about 6, from
about 3 to about 8, from about 4 to about 10, from about 4
to about 8, from about 4 to about 6, from about 4 to about
S5, from about 6 to about 10, from about 6 to about 8, or from
about 4 to about 8. The 1nstructions for use sheet provide the
kit operator all of the necessary information for carrying out
the patch stripping method. The instructions for use sheet
preferably include diagrams to 1llustrate the patch stripping
method.

In some instances, the adhesive skin sample collection kit
provides all the necessary components for performing the
patch stripping method. In some embodiments, the adhesive
skin sample collection kit includes a lab requisition form for
providing patient information. In some instances, the kit
further comprises accessory components. Accessory com-
ponents include, but are not limited to, a marker, a resealable
plastic bag, gloves and a cleansing reagent. The cleansing
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reagent includes, but 1s not limited to, an antiseptic such as
1sopropyl alcohol. In some 1nstances, the components of the
skin sample collection kit are provided 1n a cardboard box.

In some embodiments, the kit includes a skin collection
device. In some embodiments, the skin collection device
includes a non-invasive skin collection device. In some
embodiments, the skin collection device includes an adhe-
sive patch as described hereimn. In some embodiments, the
skin collection device includes a brush. In some embodi-
ments, the skin collection device includes a swab. In some
embodiments, the skin collection device includes a probe. In
some embodiments, the skin collection device includes a
medical applicator. In some embodiments, the skin collec-
tion device includes a scraper. In some embodiments, the
skin collection device includes an 1nvasive skin collection
device such as a needle or scalpel. In some embodiments, the
skin collection device includes a needle. In some embodi-
ments, the skin collection device includes a microneedle. In
some embodiments, the skin collection device includes a
hook.

Disclosed herein, in some embodiments, are kits for
determining the presence of cutaneous T cell lymphoma
(CTCL) 1 a skin sample. In some embodiments, the kit
includes an adhesive patch. In some embodiments, the
adhesive patch comprises an adhesive matrix configured to
adhere skin sample cells from the stratum corneum of a
subject. Some embodiments 1nclude a nucleic acid 1solation
reagent. Some embodiments include a plurality of probes
that recognize at least one target gene. In some embodi-
ments, the at least one target gene 1s known to be upregu-
lated or downregulated 1n subjects with CTCL. Disclosed
herein, in some embodiments, are kits for determining the
presence of cutaneous T cell lvmphoma (CTCL) 1n a skin
sample, comprising: an adhesive patch comprising an adhe-
sive matrix configured to adhere skin sample cells from the
stratum corneum ol a subject; a nucleic acid i1solation
reagent; and a plurality of probes that recognize at least one
target gene known to be upregulated or downregulated in
subjects with CTCL.

Examples of subjects include but are not limited to
vertebrates, animals, mammals, dogs, cats, cattle, rodents,
mice, rats, primates, monkeys, and humans. In some
embodiments, the subject 1s a vertebrate. In some embodi-
ments, the subject 1s an animal. In some embodiments, the
subject 1s a mammal. In some embodiments, the subject 1s an
amimal, a mammal, a dog, a cat, cattle, a rodent, a mouse, a
rat, a primate, or a monkey. In some embodiments, the
subject 15 a human. In some embodiments, the subject 1s
male. In some embodiments, the subject 1s female. In some
embodiments, the subject has CTCL. In some embodiments,
the CTCL comprises mycosis fungoides. In some embodi-
ments, the CTCL comprises Sezary syndrome.

Cellular Material and Sample Process

In some embodiments of the methods described herein, a
skin sample 1s obtained from the subject by applying an
adhesive patch to a skin region of the subject. In some
embodiments, the skin sample 1s obtained using an adhesive
patch. In some embodiments, the adhesive patch comprises
tape. In some embodiments, the skin sample 1s not obtained
with an adhesive patch. In some instances, the skin sample
1s obtained using a brush. In some instances, the skin sample
1s obtained using a swab, for example a cotton swab. In some
cases, the skin sample 1s obtained using a probe. In some
cases, the skin sample 1s obtained using a hook. In some
instances, the skin sample 1s obtained using a medical
applicator. In some instances, the skin sample 1s obtained by
scraping a skin surface of the subject. In some cases, the skin
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sample 1s obtained through excision. In some instances, the
skin sample 1s biopsied. In some embodiments, the skin
sample 1s a biopsy. In some 1nstances, the skin sample 1s
obtained using one or more needles. For example, the
needles may be microneedles. In some instances, the biopsy
1s a needle biopsy, or a microneedle biopsy. In some
instances, the skin sample i1s obtained invasively. In some
instances, the skin sample 1s obtained non-invasively.

In some embodiments, the skin sample comprises cells of
the stratum corneum. In some embodiments, the skin sample
consists of cells of the stratum corneum. In some embodi-
ments, the skin sample does not include the basal layer of the
skin. In some embodiments, the skin sample comprises or
consists of a skin depth of 10 um, 50 um, 100 um, 150 um,
200 um, 250 um, 300 um, 350 um, 400 um, 450 um, 500 wm,
or a range of skin depths defined by any two of the
alorementioned skin depths. In some embodiments, the skin
sample comprises or consists of a skin depth of 50-100 um.
In some embodiments, the skin sample comprises or consists
of a skin depth of 100-200 um. In some embodiments, the
skin sample comprises or consists of a skin depth of 200-
300 um. In some embodiments, the skin sample comprises
or consists of a skin depth of 300-400 um. In some embodi-
ments, the skin sample comprises or consists of a skin depth
of 400-500 um.

In some embodiments, the skin sample 1s no more than 10
um thick. In some embodiments, the skin sample 1s no more
than 50 um thick. In some embodiments, the skin sample 1s
no more than 100 um thick. In some embodiments, the skin
sample 1s no more than 150 um thick. In some embodiments,
the skin sample 1s no more than 200 um thick. In some
embodiments, the skin sample 1s no more than 250 um thick.
In some embodiments, the skin sample 1s no more than 300
wm thick. In some embodiments, the skin sample 1s no more
than 350 um thick. In some embodiments, the skin sample
1s no more than 400 um thick. In some embodiments, the
skin sample 1s no more than 450 um thick. In some embodi-
ments, the skin sample 1s no more than 500 um thick.

In some embodiments, the skin sample 1s at least 10 um
thick. In some embodiments, the skin sample 1s at least 50
um thick. In some embodiments, the skin sample 1s at least
100 um thick. In some embodiments, the skin sample 1s at
least 150 um thick. In some embodiments, the skin sample
1s at least 200 um thick. In some embodiments, the skin
sample 1s at least 250 um thick. In some embodiments, the
skin sample 1s at least 300 um thick. In some embodiments,
the skin sample 1s at least 350 um thick. In some embodi-
ments, the skin sample 1s at least 400 um thick. In some
embodiments, the skin sample 1s at least 450 um thick. In
some embodiments, the skin sample 1s at least 500 um thick.

In some embodiments, the adhesive patch removes a skin
sample from the subject at a depth no greater than 10 um. In
some embodiments, the adhesive patch removes a skin
sample from the subject at a depth no greater than 50 um. In
some embodiments, the adhesive patch removes a skin
sample from the subject at a depth no greater than 100 um.
In some embodiments, the adhesive patch removes a skin
sample from the subject at a depth no greater than 150 um.
In some embodiments, the adhesive patch removes a skin
sample from the subject at a depth no greater than 200 um.
In some embodiments, the adhesive patch removes a skin
sample from the subject at a depth no greater than 250 um.
In some embodiments, the adhesive patch removes a skin
sample from the subject at a depth no greater than 300 um.
In some embodiments, the adhesive patch removes a skin
sample from the subject at a depth no greater than 350 um.
In some embodiments, the adhesive patch removes a skin
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sample from the subject at a depth no greater than 400 um.
In some embodiments, the adhesive patch removes a skin
sample from the subject at a depth no greater than 450 um.
In some embodiments, the adhesive patch removes a skin
sample from the subject at a depth no greater than 500 um.

In some embodiments, the adhesive patch removes 1, 2,
3, 4, or 5 layers of stratum corneum from a skin surface of
the subject. In some embodiments, the adhesive patch
removes a range of layers of stratum corneum from a skin
surface of the subject, for example a range defined by any
two of the following integers: 1, 2, 3, 4, or 5. In some
embodiments, the adhesive patch removes 1-5 layers of
stratum corneum Ifrom a skin surface of the subject. In some
embodiments, the adhesive patch removes 2-3 layers of
stratum corneum Ifrom a skin surface of the subject. In some
embodiments, the adhesive patch removes 2-4 layers of
stratum corneum from a skin surface of the subject. In some
embodiments, the adhesive patch removes no more than the
basal layer of a skin surface from the subject.

The methods and devices provided herein, in certain
embodiments, involve applying an adhesive or other similar
patch to the skin 1n a manner so that an effective or suflicient
amount of a tissue, such as a skin sample, adheres to the
adhesive matrix of the adhesive patch. In some cases, the
skin sample adhered to the adhesive matrix comprises or
consists of cells from the stratum corneum of a subject. For
example, the eflective or suflicient amount of a skin sample
1s an amount that removably adheres to a material, such as
the matrix or adhesive patch. The adhered skin sample, in
certain embodiments, comprises cellular material including
nucleic acids. In some 1nstances, the nucleic acid 1s RNA or
DNA. An eflective amount of a skin sample contains an
amount of cellular maternial suflicient for performing a
diagnostic assay. In some instances, the diagnostic assay 1s
performed using the cellular material 1solated from the
adhered skin sample on the used adhesive patch. In some
instances, the diagnostic assay 1s performed on the cellular
material adhered to the used adhesive patch. In some
embodiments, an effect amount of a skin sample comprises
an amount of RNA sullicient to perform a gene expression
analysis. Suflicient amounts of RNA includes, but not lim-
ited to, picogram, nanogram, and microgram quantities. In
some embodiments, the RNA includes mRNA. In some
embodiments, the RNA includes microRNAs. In some
embodiments, the RNA includes mRNA and microRNAs. In
some embodiments, an eflect amount of a skin sample
comprises an amount of DNA suilicient to perform a gene
expression analysis. Suflicient amounts of DNA 1ncludes,
but not limited to, picogram, nanogram, and microgram
quantities. In some embodiments, an effect amount of a skin
sample comprises an amount of DNA and RNA suflicient to
perform a gene expression analysis. Suflicient amounts of
DNA and RNA includes, but not limited to, picogram,
nanogram, and microgram quantities of the DNA and RNA.

Some embodiments include collecting cells from the
stratum corneum of a subject, for instance, by using an
adhesive tape with an adhesive matrix to adhere the cells
from the stratum corneum to the adhesive matrix. In some
embodiments, the cells from the stratum corneum comprise
T cells or components of T cells. In some embodiments, the
cells from the stratum corneum comprise keratinocytes. In
some embodiments, the skin sample does not comprise
melanocytes. In some embodiments, a skin sample 1s
obtained by applying a plurality of adhesive patches to a skin
region ol a subject 1n a manner suflicient to adhere skin
sample cells to each of the adhesive patches, and removing
cach of the plurality of adhesive patches from the skin region
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in a manner suilicient to retain the adhered skin sample cells
to each of the adhesive patches. In some embodiments, the
skin region comprises a skin lesion.

In some 1nstances, the nucleic acid 1s a RNA molecule or
a fragmented RNA molecule (RNA fragments). In some
instances, the RNA 1s a microRNA (miRNA), a pre-miRNA,
a pri-miRNA, a mRNA, a pre-mRNA, a viral RNA, a viroid
RNA, a virusoid RNA, circular RNA (circRNA), a ribo-
somal RNA (rRNA), a transfer RNA (tRNA), a pre-tRNA,
a long non-coding RNA (IncRNA), a small nuclear RNA
(snRINA), a circulating RNA, a cell-free RNA, an exosomal
RNA, a vector-expressed RNA, a RNA transcript, a syn-
thetic RNA, or combinations thereof. In some instances, the
RNA 1s mRNA. In some instances, the RNA 1s cell-free
circulating RNA.

In some instances, the nucleic acid 1s DNA. DNA
includes, but not limited to, genomic DNA, viral DNA,
mitochondrial DNA, plasmid DNA, amplified DNA, circu-
lar DNA, circulating DNA, cell-free DNA, or exosomal
DNA. In some istances, the DNA 1s single-stranded DNA
(ssDNA), double-stranded DNA, denaturing double-
stranded DNA, synthetic DNA, and combinations thereof. In
some 1nstances, the DNA 1s genomic DNA. In some
instances, the DNA 1s cell-free circulating DNA.

In additional embodiments, the adhered skin sample com-
prises cellular material including nucleic acids such as RNA
or DNA, 1n an amount that 1s at least about 1 picogram. In
some embodiments, the amount of cellular material 1s no
more than about 1 nanogram. In further or additional
embodiments, the amount of cellular material 1s no more
than about 1 microgram. In still further or additional
embodiments, the amount of cellular material 1s no more
than about 1 gram.

In further or additional embodiments, the amount of
cellular material 1s from about 1 picogram to about 1 gram.
In further or additional embodiments, the cellular material
comprises an amount that 1s from about 350 microgram to
about 1 gram, from about 100 picograms to about 300
micrograms, from about 500 picograms to about 100 micro-
grams, {rom about 750 picograms to about 1 microgram,
from about 1 nanogram to about 750 nanograms, or from
about 1 nanogram to about 500 nanograms.

In further or additional embodiments, the amount of
cellular matenial, including nucleic acids such as RNA or
DNA, comprises an amount that 1s from about 50 microgram
to about 500 microgram, from about 100 microgram to about
450 microgram, from about 100 microgram to about 350
microgram, from about 100 microgram to about 300 micro-
gram, from about 120 microgram to about 250 microgram,
from about 150 microgram to about 200 microgram, from
about 500 nanograms to about 5 nanograms, or from about
400 nanograms to about 10 nanograms, or from about 200
nanograms to about 15 nanograms, or from about 100
nanograms to about 20 nanograms, or from about 50 nano-
grams to about 10 nanograms, or from about 50 nanograms
to about 25 nanograms.

In further or additional embodiments, the amount of
cellular matenial, including nucleic acids such as RNA or
DNA, 1s less than about 1 gram, 1s less than about 300
micrograms, 1s less than about 490 micrograms, 1s less than
about 480 micrograms, 1s less than about 470 micrograms,
1s less than about 460 micrograms, 1s less than about 450
micrograms, 1s less than about 440 micrograms, 1s less than
about 430 micrograms, 1s less than about 420 micrograms,
1s less than about 410 micrograms, 1s less than about 400
micrograms, 1s less than about 390 micrograms, 1s less than
about 380 micrograms, 1s less than about 370 micrograms,
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1s less than about 360 micrograms, 1s less than about 350
micrograms, 1s less than about 340 micrograms, 1s less than
about 330 micrograms, 1s less than about 320 micrograms,
1s less than about 310 micrograms, 1s less than about 300
micrograms, 1s less than about 290 micrograms, 1s less than
about 280 micrograms, 1s less than about 270 micrograms,
1s less than about 260 micrograms, 1s less than about 250
micrograms, 1s less than about 240 micrograms, 1s less than
about 230 micrograms, 1s less than about 220 micrograms,
1s less than about 210 micrograms, 1s less than about 200
micrograms, 1s less than about 190 micrograms, 1s less than
about 180 micrograms, 1s less than about 170 micrograms,
1s less than about 160 micrograms, 1s less than about 150
micrograms, 1s less than about 140 micrograms, 1s less than
about 130 micrograms, 1s less than about 120 micrograms,
1s less than about 110 micrograms, 1s less than about 100
micrograms, 1s less than about 90 micrograms, 1s less than
about 80 micrograms, 1s less than about 70 micrograms, 1s
less than about 60 micrograms, 1s less than about 50 micro-
grams, 15 less than about 20 micrograms, 1s less than about
10 micrograms, 1s less than about 5 micrograms, 1s less than
about 1 microgram, 1s less than about 750 nanograms, 1s less
than about 3500 nanograms, 1s less than about 250 nano-
grams, 15 less than about 150 nanograms, 1s less than about
100 nanograms, 1s less than about 50 nanograms, 1s less than
about 25 nanograms, 1s less than about 15 nanograms, 1s less
than about 1 nanogram, 1s less than about 750 picograms, 1s
less than about 3500 picograms, 1s less than about 250
picograms, 1s less than about 100 picograms, 1s less than
about 50 picograms, 1s less than about 25 picograms, 1s less
than about 15 picograms, or 1s less than about 1 picogram.

In some embodiments, 1solated RNA from a collected
skin sample 1s reverse transcribed mnto cDNA, for example
for amplification by PCR to enrich for target genes. The
expression levels of these target genes are quantified by
quantitative PCR 1n a gene expression test. In some
instances, in combination with quantitative PCR, a software
program performed on a computer 1s utilized to quantify
RNA 1solated from the collected skin sample. In some
instances, a software program or module 1s utilized to relate
a quantity of RNA from a skin sample to a gene expression
signature, wherein the gene expression signature 1s associ-
ated with a disease such as skin cancer. In some embodi-
ments, a software program or module scores a sample based
on gene expression levels. In some embodiments, the sample
score 1s compared with a reference sample score to deter-
mine if there 1s a statistical significance between the gene
expression signature and a disease.

In some 1nstances, the layers of skin include epidermis,
dermis, or hypodermis. The outer layer of epidermis 1s the
stratum corneum layer, followed by stratum lucidum, stra-
tum granulosum, stratum spinosum, and stratum basale. In
some 1nstances, the skin sample 1s obtained from the epi-
dermis layer. In some cases, the skin sample 1s obtained from
the stratum corneum layer. In some instances, the skin
sample 1s obtained from the dermis.

In some instances, cells from the stratum corneum layer
are obtained, which comprises Kkeratinocytes. In some
instances, cells from the stratum corneum layer comprise T
cells or components of T cells. In some cases, melanocytes
are not obtained from the skin sample.

Following extraction of nucleic acids from a biological
sample, the nucleic acids, 1n some instances, are further
purified. In some instances, the nucleic acids are RNA. In
some 1nstances, the nucleic acids are DNA. In some
instances, the RNA 1s human RNA. In some instances, the

DNA 1s human DNA. In some 1instances, the RNA 1s

10

15

20

25

30

35

40

45

50

55

60

65

48

microbial RNA. In some instances, the DNA 1s microbial
DNA. In some instances, human nucleic acids and microbial
nucleic acids are purified from the same biological sample.
In some 1nstances, nucleic acids are purified using a column
or resin based nucleic acid purification scheme. In some
instances, this technique utilizes a support comprising a
surface area for binding the nucleic acids. In some 1nstances,
the support 1s made of glass, silica, latex or a polymeric
material. In some 1stances, the support comprises spherical

beads.

Methods for 1solating nucleic acids, 1n certain embodi-
ments, comprise using spherical beads. In some 1nstances,
the beads comprise material for 1solation of nucleic acids.
Exemplary material for 1solation of nucleic acids using
beads include, but not limited to, glass, silica, latex, and a
polymeric material. In some instances, the beads are mag-
netic. In some 1nstances, the beads are silica coated. In some
instances, the beads are silica-coated magnetic beads. In
some 1nstances, a diameter of the spherical bead 1s at least
or about 0.5 um, 1 um, 1.5 um, 2 um, 2.5 um, 3 um, 3.5 um,
4 um, 4.5 um, 5 um, 5.5 um, 6 um, 6.5 um, 7 um, 7.5 um,
8 um, 8.5 um, 9 um, 9.5 um, 10 um, or more than 10 um.

In some cases, a vield of the nucleic acids products
obtained using methods described herein 1s about 500 pico-
grams or higher, about 600 picograms or higher, about 1000
picograms or higher, about 2000 picograms or higher, about
3000 picograms or higher, about 4000 picograms or higher,
about 5000 picograms or higher, about 6000 picograms or
higher, about 7000 picograms or higher, about 8000 pico-
grams or higher, about 9000 picograms or higher, about
10000 picograms or higher, about 20000 picograms or
higher, about 30000 picograms or higher, about 40000
picograms or higher, about 30000 picograms or higher,
about 60000 picograms or higher, about 70000 picograms or
higher, about 80000 picograms or higher, about 90000
picograms or higher, or about 100000 picograms or higher.

In some cases, a vield of the nucleic acids products
obtained using methods described herein 1s about 100 pico-
grams, S00 picograms, 600 picograms, 700 picograms, 800
picograms, 900 picograms, 1 nanogram, 5 nanograms, 10
nanograms, 15 nanograms, 20 nanograms, 21 nanograms, 22
nanograms, 23 nanograms, 24 nanograms, 25 nanograms, 26
nanograms, 27 nanograms, 28 nanograms, 29 nanograms, 30
nanograms, 35 nanograms, 40 nanograms, 50 nanograms, 60
nanograms, 70 nanograms, 80 nanograms, 90 nanograms,
100 nanograms, 500 nanograms, or higher.

In some cases, methods described herein provide less than
less than 10%, less than 8%, less than 5%, less than 2%, less
than 1%, or less than 0.5% product yield vanations between
samples.

In some cases, methods described herein provide a sub-
stantially homogenous population of a nucleic acid product.

In some cases, methods described herein provide less than
30%, less than 25%, less than 20%, less than 15%, less than
10%, less than 8%, less than 5%, less than 2%, less than 1%,
or less than 0.5% contaminants.

In some 1nstances, following extraction, nucleic acids are
stored. In some 1nstances, the nucleic acids are stored 1n
water, Tris bufler, or Tris-EDTA buller before subsequent
analysis. In some 1nstances, this storage is less than 8° C. In
some 1nstances, this storage 1s less than 4° C. In certain
embodiments, this storage 1s less than 0° C. In some
instances, this storage 1s less than —20° C. In certain embodi-
ments, this storage 1s less than —70° C. In some instances, the
nucleic acids are stored for about 1, 2, 3, 4, 35, 6, or 7 days.
In some 1nstances, the nucleic acids are stored for about 1,
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2, 3, or 4 weeks. In some instances, the nucleic acids are
stored for about 1, 2,3,4,5,6,7,8,9, 10, 11, or 12 months.

In some 1nstances, nucleic acids 1solated using methods
described herein are subjected to an amplification reaction
following 1solation and purification. In some instances, the
nucleic acids to be amplified are RNA including, but not
limited to, human RNA and human microbial RNA. In some
instances, the nucleic acids to be amplified are DNA includ-
ing, but not limited to, human DNA and human microbial
DNA. Non-limiting amplification reactions include, but are
not limited to, quantitative PCR (qPCR), self-sustained
sequence replication, transcriptional amplification system,
(Q-Beta Replicase, rolling circle replication, or any other
nucleic acid amplification known in the art. In some
instances, the amplification reaction 1s PCR. In some
instances, the amplification reaction 1s quantitative such as
qPCR.

Provided herein are methods for detecting an expression
level of one or more genes of interest from nucleic acids
isolated from a biological sample. In some instances, the
expression level 1s detected following an amplification reac-
tion. In some instances, the nucleic acids are RNA. In some
instances, the RNA 1s human RNA. In some instances, the
RNA 1s microbial RNA. In some 1nstances, the nucleic acids
are DNA. In some instances, the DNA 1s human DNA. In
some 1nstances, the DNA 1s microbial DNA. In some
instances, the expression level 1s determined using PCR. In
some 1nstances, the expression level 1s determined using
gPCR. In some mstances, the expression level 1s determined
using a microarray. In some instances, the expression level
1s determined by sequencing.

Some embodiments include measuring a microRNA. In
some embodiments, the measurement includes use of a
stem-loop primer. Some embodiments include the use of
poly-A tailing. Some embodiments include a pre-amplifica-
tion of microRNAs.

Provided herein are methods and compositions for detect-
ing a mutational change of one or more genes of interest
from nucleic acids 1solated from a biological sample. In
some 1nstances, the mutational change 1s detected following
an amplification reaction. In some 1instances, the nucleic
acids are RNA. In some 1instances, the nucleic acids are
DNA. In some 1nstances, the mutational change 1s detected
using allele specific PCR. In some instances, the mutational
change 1s detected using sequencing. In some instances, the
sequencing 1s performed using the Sanger sequencing
method. In some instances, the sequencing involves the use
of chain terminating dideoxynucleotides. In some 1nstances,
the sequencing involves gel-electrophoresis. In some
instances, the sequencing 1s performed using a next genera-
tion sequencing method. In some instances, sequencing
includes, but not limited to, single-molecule real-time
(SMRT) sequencing, Polony sequencing, sequencing by
synthesis, sequencing by ligation, reversible terminator
sequencing, proton detection sequencing, 1on semiconductor
sequencing, nanopore sequencing, electronic sequencing,
pyrosequencing, Maxam-Gilbert sequencing, chain termina-
tion sequencing, +S sequencing, and sequencing by synthe-
S1S.

In some embodiments, the target gene mutation 1s
detected using PCR. In some embodiments, the target gene
mutation 1s detected using qPCR. In some embodiments, the
target gene mutation 1s detected using sequencing. In some
embodiments, the target gene mutation i1s detected using
next generation sequencing. In some embodiments, the
target gene mutation 1s detected using Sanger sequencing. In
some embodiments, the target gene mutation 1s detected
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using an array. In some embodiments, the target gene
mutation 1s detected using a mass spectrometry. In some
embodiments, the target gene mutation 1s detected using a
MassArray.

In some embodiments, the MassArray comprises mass
spectrometry. In some embodiments, the MassArray
includes DNA 1omization, RNA separation, RNA detection,
and/or an analysis of the detected RNAs. Some embodi-
ments nclude a worktlow including multiplex PCR, a
mutant-specific extension protocol, and/or a MassArray
analysis, Tollowed by data analysis.

Certain Terminologies

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as 1s commonly
understood by one of skill in the art to which the claimed
subject matter belongs. It 1s to be understood that the
detailed description are exemplary and explanatory only and
are not restrictive ol any subject matter claimed. In this
application, the use of the singular includes the plural unless
specifically stated otherwise. It must be noted that, as used
in the specification, the singular forms “a,” “an” and “the”
include plural referents unless the context clearly dictates
otherwise. In this application, the use of “or” means “and/
or’’ unless stated otherwise. Furthermore, use of the term

4

including” as well as other forms, such as “include”,
“includes,” and “included,” 1s not limiting.

Although various features of the invention may be
described 1n the context of a single embodiment, the features
may also be provided separately or in any suitable combi-
nation. Conversely, although the invention may be described
herein 1n the context of separate embodiments for clarity, the
invention may also be implemented in a single embodiment.

Reference 1n the specification to “some embodiments”,
“an embodiment”, “one embodiment” or “other embodi-
ments” means that a particular feature, structure, or charac-
teristic described in connection with the embodiments 1s
included 1n at least some embodiments, but not necessarily
all embodiments, of the inventions.

As used herein, ranges and amounts can be expressed as
“about” a particular value or range. About also 1ncludes the
exact amount. Hence “about 5 uL.”” means “about 5 ul.”” and
also “5S ul..” Generally, the term “about” includes an amount
that would be expected to be within experimental error.

The section headings used herein are for orgamizational
purposes only and are not to be construed as limiting the
subject matter described.

As used herein, the terms “individual(s)”, “subject(s)” and
“patient(s)” mean any mammal. In some embodiments, the
mammal 1s a human. In some embodiments, the mammal 1s
a non-human. None of the terms require or are limited to
situations characterized by the supervision (e.g. constant or
intermittent) of a health care worker (e.g. a doctor, a
registered nurse, a nurse practitioner, a physician’s assistant,
an orderly or a hospice worker).

FYN binding protein (FYB), also known as tyrosine-
protein kinase FYN, Src-like kinase, tyrosine kinase P591yn
(T), or Src/Yes-related Novel, encodes a member of the
protein-tyrosine kinase oncogene family. In some 1nstances,
FYB has National Center for Biotechnology Information
(NCBI) Gene 1ID: 2534,

IL.2 inducible T-cell kinase (ITK), also known as T-cell-
specific kinase, tyrosine-protein kinase LYK, or IL2-induc-
ible T-cell kinase, encodes an intracellular tyrosine kinase

expressed in T-cells. In some instances, ITK has NCBI Gene
ID: 3702.

Interleukin 26 (IL26) 1s also known as AK135 or protein
AK155. In some instances, I1.26 has NCBI Gene ID: 55801.
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Signal transducer and activator of ftranscription 5A
(STATSA), also known as epididymis secretory sperm bind-
ing protein, encodes a member of the STAT family of

transcription factors. In some instances, STATSA has NCBI
Gene ID: 6776.

TRAF3 imteracting protein 3 (TRAF3IP3), also known as
TNF receptor associated factor 3, RING-type E3 ubiquitin
transierase TRAF3, CD40 receptor associated factor 1, or
T3JAM, encodes a member of the TNF receptor associated
factor protein family. In some instances, TRAF3IP3 has
NCBI Gene ID: 80342.

Granulysin (GNLY), also known as T-lymphocyte acti-
vation gene 519 or lymphokine LAG-2, encodes a member
of the saposin-like protein family. In some instances, GNLY
has NCBI Gene ID: 103578.

Dynamin 3 (DNM3), also known as T-dynamin, encodes
a member of a family of guanosine triphosphate (GTP)-
binding proteins. In some instances, DNM3 has Gene ID:
26052.

Tumor necrosis factor superfamily member 11
(TNFSF11), also known as osteoclast differentiation factor
or osteoprotegerin ligand, encodes a member of TNF cyto-
kine family of proteins. In some mstances, TNFSF11 has
NCBI Gene ID: 8600.

Thymocyte selection associated high mobility group box
(TOX), also known as thymus high mobility group box

protein TOX, encodes a protein containing a HMG box
DNA binding domain. In some instances, TOX has NCBI

Gene 1D: 9760.

Lymphoid enhancer binding factor 1 (LEF1), also known
as T cell-specific transcription factor 1-alpha or TCF7L3,
encodes a transcription factor protein. In some instances,
LEF1 has NCBI Gene ID: 51176.

C-C motif chemokine receptor 4 (CCR4), also known as
CMKBR4, encodes a member of the G-protein-coupled

receptor family. In some instances, CCR4 has NCBI Gene
ID: 1233.

POU class 2 associating factor 1 (POU2AF1), also known
as B-cell-specific coactivator OBG-1, OCT-Binding factor
1, BOB-1, or OCA-B, 1s a protein coding gene. In some
instances, POU2AF1 has NCBI Gene ID: 5450.

Gametocyte specific factor 1 (GTSF1), also known as
family with sequence similarity 112, member B or
FAMI112B, encodes a protein mvolved 1n spermatogenesis.
In some instances, GTSF1 has NCBI Gene ID: 121355.

Plastin 3 (PLS3), also known as T-Plastin, T fimbrin, or
BMNDI18, encodes a family of the actin-binding proteins. In
some 1nstances, PLLS3 has NCBI Gene ID: 5358.

Matrix metallopeptidase 12 (MMP12), also known as
HME or macrophage elastase, encodes a member of the
peptidase M10 family of matrix metalloproteinases. In some
instances, WP12 has NCBI Gene ID: 4321.

LCK proto-oncogene, Src family tyrosine kinase (LCK),
also known as lymphocyte cell-specific protein-tyrosine
kinase, T cell=specific protein-tyrosine kinase, or protein
YT16, encodes a member of the Src family of protein
tyrosine kinases. In some instances, LCK has NCBI Gene
ID: 3932.

Neural precursor cell expressed, developmentally down-
regulated (NEDDA4L), also known as 4-like, E3 ubiquitin

protein ligase, HECT-type E3 ubiquitin transferase NED4L,
or NEDD4.2, encodes a member of the Nedd4 family of
HECT domain E3 ubiquitin ligases. In some 1instances,

NEDDA4L has NCBI Gene 1D: 23327.
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NUMBERED EMBODIMENTS

Disclosed herein, in some embodiments, are the follow-

ng:

1. A method of detecting gene expression level of FYN
binding protein (FYB), IL2 inducible T-cell kinase (ITK),
interleukin 26 (IL26), signal transducer and activator of
transcription 5SA (STAT5A), TRAF3 interacting protein 3
(TRAF3IP3), granulysin (GNLY), dynamin 3 (DNM3),
tumor necrosis factor superfamily member 11
(TNFSF11), or a combination thereof 1n a subject 1n need
thereol, comprising:

a) 1solating nucleic acids from a skin sample obtained
from the subject, wherein the skin sample comprises
cells from the stratum corneum; and

b) detecting the expression levels of FYB, ITK, IL26,
STATSA, TRAF3IP3, GNLY, DNM3, TNFSF11, or a
combination thereot, by contacting the 1solated nucleic
acids with a set of probes that recogmzes FYB, ITK,
126, STATS5A, TRAF3IP3, GNLY, DNM3, TNFSF11,
or a combination thereof, and detects binding between
FYB, ITK, IL26, STAT5A, TRAF3IP3, GNLY, DNM3,
TNFSF11, or a combination thereof and the set of
probes.

2. The method of embodiment 1, wherein the method
comprises detecting the expression levels of ITK,
STATSA, and TNFSFI11.

3. The method of embodiment 1, wherein the method
comprises detecting the expression levels of ITK, 1126,
STATSA, and TNFSFI11.

4. The method of embodiment 1, wherein the method
comprises detecting the expression levels of FYB, ITK,
1126, STATS5A, and TNFSFI11.

5. The method of embodiment 1, wherein the method
comprises detecting the expression levels of FYB, ITK,
1126, STATSA, TRAF3IP3, and TNFSF11.

6. The method of embodiment 1, wherein the method
comprises detecting the expression levels of FYB, ITK,
1126, STATSA, TRAF3IP3, DNM3, and TNFSF11.

7. The method of embodiment 1, wherein the method
comprises detecting the expression levels of FYB, ITK,
126, STATS5A, TRAF3IP3, GNLY, DNM3, and

TNESFI11.

8. The method of any one of the embodiments 1-7, wherein
the expression level 1s an elevated gene expression level,
compared to a gene expression level of an equivalent gene
from a control sample.

9. The method of embodiment 8, wherein the gene expres-
sion level of FYB, ITK, IL26, STAT3A, TRAF3IP3,

DNM3, TNFSF11, or a combination thereof 1s elevated.

10. The method of any one of the embodiments 1-7, wherein
the expression level 1s a down-regulated gene expression
level, compared to a gene expression level of an equiva-
lent gene from a control sample.

11. The method of embodiment 10, wherein the gene expres-
sion level of GNLY 1s down-regulated.

12. The method of embodiment 1, wherein the set of probes
recognizes at least one but no more than eight genes.
13. The method of embodiment 1, further comprising detect-
ing the expression levels of TOX, LEF1, CCRA4,
POU2AF1, GTSF1, PLS3, MMP12, LCK, NEDD4L, or a

combination thereof.

14. The method of embodiment 13, wherein the detecting
comprises contacting the 1solated nucleic acids with an
additional set of probes that recognizes TOX, LEFI,
CCR4, POU2AF1, GTSF1, PLS3, MMP12, LCK,

NEDDA4L, or a combination thereof, and detects binding
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between TOX, LEF1, CCR4, POU2AF1, GTSF1, PLS3,
MMP12, LCK, NEDD4L., or a combination thereof and

the additional set of probes.

15. The method of embodiment 14, wherein the additional
set of probes recognizes one but no more than nine genes.

16. A method of detecting gene expression levels from a first
gene classifier and a second gene classifier 1n a subject in
need thereol, comprising;:

a) 1solating nucleic acids from a skin sample obtained
from the subject, wherein the skin sample comprises
cells from the stratum corneum;

b) detecting the expression levels of one or more genes

from the first gene classifier: FYB, ITK, IL26,
STATSA, TRAF3IP3, GNLY, DNM3, and TNFSF11,

by contacting the 1solated nucleic acids with a set of
probes that recognizes one or more genes from the first
gene classifier, and detects binding between one or
more genes from the first gene classifier and the set of

probes; and

¢) detecting the expression levels of one or more genes

from the second gene classifier: TOX, LEF1, CCR4,

POU2AF1, GTSF1, PLS3, MMPI12, LCK, and

NEDD4L, by contacting the 1solated nucleic acids with

an additional set of probes that recognizes one or more
genes from the second gene classifier, and detects
binding between one or more genes from the second
gene classifier and the additional set of probes.

17. The method of embodiment 16, wherein the method
comprises detecting the expression levels of ITK,
STATSA, and TNFSF11 from the first gene classifier.

18. The method of embodiment 16, wherein the method
comprises detecting the expression levels of I'TK, 1126,
STATSA, and TNFSF11 from the first gene classifier.

19. The method of embodiment 16, wherein the method
comprises detecting the expression levels of FYB, ITK,
1126, STAT5A, and TNFSF11 from the first gene classi-
fier.

20. The method of embodiment 16, wherein the method
comprises detecting the expression levels of FYB, ITK,
IL.26, STATSA, TRAF3IP3, and TNFSF11 from the first
gene classifier.

21. The method of embodiment 16, wherein the method
comprises detecting the expression levels of FYB, ITK,
IL.26, STATSA, TRAF3IP3, DNM3, and TNFSF11 from
the first gene classifier.

22. The method of embodiment 16, wherein the method
comprises detecting the expression levels of FYB, ITK,
IL26, STATS5A, TRAF3IP3, GNLY, DNM3, and
TNFSF11 from the first gene classifier.

23. The method of any one of the embodiments 16-22,
wherein the expression level 1s an elevated gene expres-
stion level, compared to a gene expression level of an
equivalent gene from a control sample.

24. The method of embodiment 23, wherein the gene expres-
ston level of FYB, ITK, IL26, STATSA, TRAF3IP3,

DNM3, TNFSF11, or a combination thereof 1s elevated.
25. The method of any one of the embodiments 16-22,
wherein the expression level 1s a down-regulated gene
expression level, compared to a gene expression level of
an equivalent gene from a control sample.
26. The method of embodiment 25, wherein the gene expres-
ston level of GNLY 1s down-regulated.

2'7. The method of embodiment 16, wherein the set of probes
recognizes at least one but no more than eight genes.
28. The method of embodiment 16, wherein the additional

set of probes recognizes one but no more than nine genes.
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29. The method of any one of the embodiments 1-28,
wherein the nucleic acids comprise RNA, DNA, or a
combination thereof

30. The method of embodiment 29, wherein the RNA 1s
mRNA.

31. The method of embodiment 29, wherein the RNA 1s

cell-free circulating RNA.

32. The method of any one of the embodiments 1-31,
wherein the cells from the stratum corneum comprises T
cells or components of T cells.

33. The method of any one of the embodiments 1-31,
wherein the cells from the stratum corneum comprises

keratinocytes.

34. The method of any one of the embodiments 1-33,
wherein the skin sample does not comprise melanocytes.

35. The method of any one of the embodiments 1-34,
wherein the skin sample 1s obtained by applying an
adhesive patch to a skin region of the subject in a manner
suflicient to adhere cells to the adhesive patch, and
removing the adhesive patch from the skin region in a
manner suflicient to retain the adhered cells to the adhe-
s1ve patch.

36. The method of any one of the embodiments 1-34,
wherein the skin sample 1s obtained by applying a plu-
rality of adhesive patches to a skin region of the subject
in a manner suflicient to adhere cells to each of the
adhesive patches, and removing each of the adhesive
patches from the skin region in a manner suflicient to
retain the adhered cells to each of the adhesive patches.

3’7. The method of embodiment 36, wherein the plurality of

adhesive patches comprises at least 4 adhesive patches.

38. The method of embodiment 35 or 36, wherein the skin
region 1s a skin lesion region.

39. The method of any one of the embodiments 1-38,
wherein the subject 1s suspected of having cutaneous T
cell lymphoma (CTCL).

40. The method of any one of the embodiments 1-39,
wherein the subject 1s suspected of having mycosis fun-
goides (MF).

41. The method of any one of the embodiments 1-39,
wherein the subject is suspected of having Sézary syn-
drome (SS).

42. The method of any of the preceding embodiments,
wherein the subject 1s a human.

43. A method of determiming the presence of cutaneous T
cell lvmphoma (CTCL) 1n a skin sample, comprising:
a) 1dentifying a subject suspected of having CTCL;

b) 1solating nucleic acids from a skin sample obtained
from the subject by applying an adhesive patch to a skin
region of the subject in a manner suflicient to adhere
skin sample cells to the adhesive patch, and removing,
the adhesive patch from the skin sample in a manner
suilicient to retain the adhered skin sample cells to the
adhesive patch, wherein the skin sample cells comprise
cells from the stratum corneum; and

¢) detecting an expression level of at least one target gene
known to be upregulated or downregulated 1n subjects
with CTCL, by contacting the 1solated nucleic acids
with a set of probes that recognize the target gene, and
detecting binding between the at least one target gene
and the set of probes.

44. The method of claim 43, wherein the nucleic acids
comprise mRNA.

45. The method of claim 43 or 44, wherein the cells from the
stratum corneum comprise T cells or components of T
cells.
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46. The method of any one of claims 43-45, wherein the cells
from the stratum corneum comprise keratinocytes.

4’7. The method of any one of claims 43-46, wherein the skin
sample does not comprise melanocytes.

48. The method of any one of claims 43-47, wherein the skin
sample 1s obtaimned by applying a plurality of adhesive
patches to the skin region of the subject 1n a manner
suflicient to adhere skin sample cells to each of the
adhesive patches, and removing each of the plurality of
adhesive patches from the skin region 1n a manner sufli-
cient to retain the adhered skin sample cells to each of the
adhesive patches.

49. The method of any one of claims 43-48, wherein the skin
region comprises a skin lesion.

50. The method of any one of claims 43-49, further com-
prising determining whether the subject has CTCL based
on the expression level of the at least one target gene.

51. The method of any one of claims 43-50, further com-
prising administering a CTCL treatment to the subject
based on the determination of whether the subject has
CTCL.

52. The method of claim 51, wherein the CTCL treatment
comprises a steroid, interferon, chemotherapy, photo-
therapy, radiation therapy, or a bone marrow transplant.

53. The method of any one of claims 43-52, wherein the
subject has CTCL.

54. The method of any one of claims 43-53,
CTCL comprises mycosis fungoides.

55. The method of any one of claims 43-54,
CTCL comprises Sézary syndrome.

56. The method of any one of claims 43-55,
subject 1s a human.

S7. The method of any one of claims 43-56, wherein the
expression level 1s upregulated compared to a gene
expression level of an equivalent gene from a control
sample.

58. The method of any one of claims 43-57, wherein the
expression level 1s downregulated compared to a gene
expression level of an equivalent gene from a control
sample.

59. The method of any one of claims 43-58, wherein the at
least one target gene comprises a gene encoding an
adapter protein, a gene encoding a tyrosine kinase, a gene
encoding an interleukin, a gene encoding a transcription
factor, a gene encoding a TNF receptor associated factor
protein, a gene encoding a TNEF, a gene encoding a TNF
superfamily member, a gene encoding a saposin-like
protein, a gene encoding a GTP-binding protein, a gene
encoding a chromatin associated protein, a gene encoding,
a G-protein-coupled receptor, a gene encoding a transcrip-
tional coactivator, a gene encoding a spermatogenesis
protein, a gene encoding an actin-binding protein, a gene
encoding a matrix metalloproteinase, a gene encoding a
FYN-binding protein family member, a gene encoding a
TEC kinase family member, a gene encoding a STAT, a
gene encoding a TRAF3 interacting protein, a gene
encoding a dynamin family member, a gene encoding a
ubiquitin ligase, a gene encoding a thymocyte selection
associated high mobility group box family member, a
gene encoding a lymphoid enhancer binding factor family
member, a gene encoding a C-C chemokine receptor type

family member, a gene encoding an Oct binding factor

family member, a gene encoding an gametocyte-specific
family member, a gene encoding a plastin family member,

a gene encoding a lymphocyte-specific protein tyrosine

kinase family member, a gene encoding a member of the

NEDD4 family of E3 HECT domain ubiquitin ligases, a

wherein the

wherein the

wherein the
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gene encoding a C-C motif chemokine ligand family

member, a gene encoding a chemokine, or a gene encod-

ing a CXC chemokine, or a combination thereof.

60. The method of any one of claims 43-59, wherein the at
least one target gene comprises a gene encoding modu-
lator of cell death, a gene encoding an antimicrobial, a
gene encoding a cytokine, or a gene encoding a DNA-
binding protein, or a combination thereof

61. The method of any one of claims 43-60, wherein the at
least one target gene comprises FYN binding protein
(FYB), IL2 inducible T-cell kinase (ITK), interleukin 26
(IL26), signal transducer and activator of transcription SA
(STAT5A), TRAF3 interacting protein 3 (TRAF3IP3),
granulysin (GNLY), dynamin 3 (DNM3), or tumor necro-
s1s factor superfamily member 11 (TNFSF11), or a com-
bination thereof.

62. The method of any one of claims 43-61, wherein the at
least one target gene comprises TOX, LEF1, CCRA4,
POU2AF1, GTSF1, PLS3, MMP12, LCK, or NEDDA4L,
or a combination thereof.

63. The method of any one of claims 43-62, wherein the at
least one target gene comprises FYB, GNLY, ITK,
STATS, TRAF3IP3, CXCL10, CXCLS8, or TNE, or a
combination thereof.

64. The method of any one of claims 43-63, wherein the at
least one target gene comprises a gene encoding a
microRNA.

65. The method of claim 64, wherein the microRNA com-
prises miR-21, miR-29b, miR-155, miR-186, miR-214, or
miR-221.

66. The method of any one of claims 43-65, further com-
prising detecting the presence at least one genotype of one
more additional target genes known to be mutated 1n
subjects with CTCL, in the nucleic acids or 1n a separate
set of nucleic acids 1solated from the skin sample.

67. The method of claim 66, wherein the nucleic acids or the
separate set of nucleic acids comprise DNA.

68. The method of claim 66 or 67, wherein determining
whether the subject has CTCL further comprises deter-
mining whether the subject has CTCL based on the
presence of the at least one genotype.

69. The method of any one of claims 66-68, wherein the one
or more additional target genes comprise TP53, ZEBI,
ARIDI1A, DNMT3A, CDKN2A, FAS, STAT3SB, PRKCQ,
RHOA, DNMT3A, PLCG1, or NFKB2.

70. A method of treating a Sllb] ect with cutaneous T cell
lymphoma (CTCL), comprising:

a) 1dentifying a subject suspected of having CTCL;

b) 1solating nucleic acids from a skin sample obtained
from the subject by applying an adhesive patch to a skin
region of the subject in a manner suflicient to adhere
skin sample cells to the adhesive patch, and removing,
the adhesive patch from the skin sample in a manner
suilicient to retain the adhered skin sample cells to the
adhesive patch, wherein the skin sample cells comprise
cells from the stratum corneum;

¢) detecting an expression level of at least one target gene
known to be upregulated or downregulated 1n subjects
with CTCL, by contacting the 1solated nucleic acids
with a set of probes that recognize the target gene, and
detecting binding between the at least one target gene
and the set of probes;

d) determining whether the subject has CTCL based on
the expression level of the at least one target gene; and

¢) administering a CT'CL treatment to the subject when
the subject 1s determined to have CTCL based on the
expression level of the at least one target gene, and not
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administering the CTCL treatment to the subject when
the subject 1s not determined to have CTCL based on
the expression level of the at least one target gene.

71. The method of claim 70, wherein the nucleic acids
comprise mRNA.

72. The method of claim 70 or 71, wherein the cells from the
stratum corneum comprise T cells or components of T
cells.

73. The method of any one of claims 70-72, wherein the cells
from the stratum corneum comprise keratinocytes.

74. The method of any one of claims 70-73, wherein the skin
sample does not comprise melanocytes.

75. The method of any one of claims 70-74, wherein the skin
sample 1s obtained by applying a plurality of adhesive
patches to the skin region of the subject 1n a manner
suflicient to adhere skin sample cells to each of the
adhesive patches, and removing each of the plurality of
adhesive patches from the skin region 1n a manner sufli-
cient to retain the adhered skin sample cells to each of the
adhesive patches.

76. The method of any one of claims 70-75, wherein the skin
region comprises a skin lesion.

7’7. The method of any one of claims 70-76, further com-
prising determining that the subject has CTCL based on
the expression level of the at least one target gene.

78. The method of any one of claims 70-77, further com-
prising administering a CTCL treatment to the subject
based on the determination of whether the subject has
CTCL.

79. The method of claim 78, wherein the CTCL treatment
comprises a steroid, interferon, chemotherapy, photo-
therapy, radiation therapy, or a bone marrow transplant.

80. The method of any one of claims 70-79, wherein the skin
sample comprises a CTCL skin lesion.

81. The method of any one of claims 70-80, wherein the
CTCL comprises mycosis fungoides.

82. The method of any one of claims 70-81, wherein the
CTCL comprises Sézary syndrome.

83. The method of any one of claims 70-82, wherein the
subject 1s a human.

84. The method of any one of claims 70-83, wherein the
expression level 1s upregulated compared to a gene
expression level of an equivalent gene from a control
sample.

85. The method of any one of claims 70-84, wherein the
expression level 1s downregulated compared to a gene
expression level of an equivalent gene from a control
sample.

86. The method of any one of claims 70-85, wherein the at
least one target gene comprises a gene encoding an
adapter protein, a gene encoding a tyrosine kKinase, a gene
encoding an interleukin, a gene encoding a transcription
factor, a gene encoding a TNF receptor associated factor
protein, a gene encoding a TNE, a gene encoding a TNF
supertamily member, a gene encoding a saposin-like
protein, a gene encoding a GTP-binding protein, a gene
encoding a chromatin associated protein, a gene encoding,
a G-protein-coupled receptor, a gene encoding a transcrip-
tional coactivator, a gene encoding a spermatogenesis
protein, a gene encoding an actin-binding protein, a gene
encoding a matrix metalloproteinase, a gene encoding a
FYN-binding protein family member, a gene encoding a
TEC kinase family member, a gene encoding a STAT, a
gene encoding a TRAF3 interacting protein, a gene
encoding a dynamin family member, a gene encoding a
ubiquitin ligase, a gene encoding a thymocyte selection
associated high mobility group box family member, a
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gene encoding a lymphoid enhancer binding factor family

member, a gene encoding a C-C chemokine receptor type

family member, a gene encoding an Oct binding factor

family member, a gene encoding an gametocyte-specific

family member, a gene encoding a plastin family member,
a gene encoding a lymphocyte-specific protein tyrosine
kinase family member, a gene encoding a member of the
NEDD4 family of E3 HECT domain ubiquitin ligases, a
gene encoding a C-C motif chemokine ligand family
member, a gene encoding a chemokine, or a gene encod-
ing a CXC chemokine, or a combination thereof.

87. The method of any one of claims 70-86, wherein the at
least one target gene comprises a gene encoding modu-
lator of cell death, a gene encoding an antimicrobial, a
gene encoding a cytokine, or a gene encoding a DNA-
binding protein, or a combination thereof

88. The method of any one of claims 70-87, wherein the at
least one target gene comprises FYN binding protein
(FYB), IL2 inducible T-cell kinase (ITK), interleukin 26
(IL26), signal transducer and activator of transcription SA
(STAT5A), TRAF3 interacting protein 3 (TRAF3IP3),
granulysin (GNLY), dynamin 3 (DNM3), or tumor necro-
s1s Tactor superfamily member 11 (TNFSF11), or a com-
bination thereof

89. The method of any one of claims 70-88, wherein the at
least one target gene comprises TOX, LEF1, CCRA4,
POU2AF1, GTSF1, PLS3, MMP12, LCK, or NEDDA4L,
or a combination thereof.

90. The method of any one of claims 70-89, wherein the at
least one target gene comprises FYB, GNLY, ITK,
STATS, TRAF3IP3, CXCL10, CXCLS8, or TNE, or a
combination thereof.

91. The method of any one of claims 70-90, wherein the at
least one target gene comprises a gene encoding a
microRNA.

92. The method of claim 91, wherein the microRNA com-
prises miR-21, miR-29b, miR-1535, miR-186, miR-214, or
miR-221.

93. The method of any one of claims 70-92, further com-
prising detecting the presence at least one genotype of one
more additional target genes known to be mutated 1n
subjects with CTCL, in the nucleic acids or 1n a separate
set of nucleic acids 1solated from the skin sample.

94. The method of claim 92, wherein the nucleic acids or the
separate set of nucleic acids comprise DNA.

95. The method of claam 94 or 95, wherein determining,
whether the subject has CTCL further comprises deter-
mining whether the subject has CTCL based on the
presence of the at least one genotype.

96. The method of any one of claims 66-68, wherein the one

or more additional target genes comprise TP53, ZEBI,
ARIDIA, DNMT3A, CDKN2A, FAS, STAT5B, PRKCQ,

RHOA, DNMT13A, PLCG1, or NFKB2.

EXAMPLES

These examples are provided for illustrative purposes
only and not to limait the scope of the claims provided herein.

Example 1

Epidermal skin samples (lesional and non-lesional
samples) were collected with non-invasive adhesive patches.
Total RNA was extracted from the skin samples on adhesive
patches with a silica-coated magnetic bead-based extraction
method. gRT-PCR was utilized for measurement of gene
expression of both target genes and a house keeping gene.



US 11,578,373 B2

59

Quantification of the target expression utilized a Ct mea-
surement of both the target and housekeeping genes mea-

sured 1n parallel in the gRT-PCR, and changes of the target
gene expression 1n test samples were presented as ACH,
where ACt=Ct.target—Ct.housepecking. A smaller ACt value 5
indicates a stronger (or increased) gene expression in the test
samples, and vice versa. Changes of the target gene expres-
s10n 1n lesional samples compared to control samples (either
non-lesional or normal skin samples) were calculated from
the ACt values of both lesional and control samples, and 10
presented as AACt, where AACt=ACt.lesion—-ACt.control. A
smaller AACt indicates a smaller change of the target gene
expression between the lesional and control samples, and
these changes were presented as fold of changes (FC),
calculated from the AACt value as FC=2"22¢*, 15

Similar expression patterns or T-cell receptor rearrange-
ments 1n different lesions from the same subject are indica-
tive of clonality which can also be indicative of the presence
of CTCL or helptul in the diagnosis of CTCL.

FIG. 1 illustrates exemplary gene expression biomarkers 20
obtained from skin samples and tested for use as a diagnostic
marker. The ‘V’ denotes genes displaying diflerential
expression between CTCL tumor and normal skin samples,
in FFPE tissues from biopsies, as reported 1n the respective
study shown in the top row of the Figure. 25

FIG. 2 shows the expression results of 17 exemplary
genes tested 1n lesional, non-lesional, and healthy unaffected
control skin samples obtained non-invasively via adhesive
patches.

FIG. 3 shows the expression levels of exemplary target 30
genes normalized to housekeeping genes analyzed in paral-
lel (shown as ACt (=Ct.target—Ct.HouseKeeping).

FIG. 4 shows fold change (FC) of the target genes from
FIG. 3 in CTCL lesional skin samples compared to healthy

unaflected controls (normal skin). 35
STATS shown 1n FIG. 2-FIG. 4 refers to STATSA.

Example 2

Additional skin samples, all collected with adhesive 40
patches, were analyzed for gene expression changes by
RT-gPCR following the procedures in Example 1. A total of
23 samples were included in the analysis. The samples
included 12 CTCL samples and 11 normal skin samples,
among which 6 were paired lesional and normal skin 45
samples (1.e. each pair of sample came from one test subject
or patient) and the rest were unpaired samples (lesional and
normal skin samples from diflerent test subjects).

The gene expression analysis included Ct values of target
and housekeeping gene (ACTB) in gPCR from each sample; 50
ACt values (=Ct_target—-Ct_ACTB), for normalized gene
expression levels 1n each sample; AACt values (=ACt
Lesion—ACt_NML), for changes mn gene expression 1n
lesional skins compared to normal skins in the paired
samples (only the paired samples); P-values from statistical 55
analysis of gene expression differences (based on ACt val-
ues) between the 2 groups of skin samples (lesional vs.
normal/non-lesional); statistical analysis (with P-values).
Five additional genes were included in the analysis per-
formed 1n this example. Information relating to the genes 1n 60
the gene expression analysis 1s icluded in FIGS. 8 A-8B.

Gene expression data are shown 1 FIGS. 5-7B. A nega-
tive AACt value indicates an increased gene expression in
lesional skin sample. The gene expression data show that 8
tested target genes had p-values below or close to 0.05, 65
indicating that they may be used as target genes. The data
indicated that the 8 genes may be used for a C1CL rule-out

60

test. Of the 9 previously picked genes from Example 1, 4 had
p-values below 0.05, and 1 had a p-value below 0.1
(p=0.076). Three of the 5 additional genes (compared to
Example 1) showed increased gene expression matching
increased protein levels reported in CTCL lesional skin
samples.

Example 3

Skin samples will be collected with adhesive patches, and
analyzed for changes i microRNA expression levels 1n
CTCL lesion samples compared to paired normal skin
samples. The expression levels of the following microRINAs
will be analyzed to determine which are upregulated or
downregulated compared to the control skin samples: miR -
21, miR-27b, miR-29b, miR-30c, miR-34a, miR-93, miR-
141/200c, miR-142, miR-146, miR-148a, miR-152, miR-
155, miR-181a/b, miR-186, miR-203, miR-205, miR-214,
miR-221, miR-326, miR-486, miR-663b, and miR-711. In
some embodiments, the microRNA comprises miR-21, miR-
29b, miR-1355, miR-186, miR-214, and miR-221.

MicroRNA data will be grouped into with gene expres-
sion data from Example 2 to determine groupings ol genes
whose expression levels work exceptionally well for differ-
entiating CTCL lesions from non-CTCL samples, compared
to the individual gene expression levels.

Example 4

Skin samples will be collected with adhesive patches, and
analyzed for the presence and amount of in target gene
mutations compared to paired normal skin samples. The

mutational status of the following genes will be assessed:
TP53, ZEB1, ARIDIA, DNMT3A, CDKNZ2A, FAS,

STAT5B, PRKCQ, RHOA, DNMT3A, PLCGI1, and
NFKB2.

Target gene mutation data will be assessed 1n combination
with gene expression data from Examples 3 and/or 4 to
determine groupings of target gene mutations and target
gene expression levels that work exceptionally well for
differentiating C'T'CL lesions from non-CTCL samples, com-
pared to individual target gene mutations and expression
levels.

While preferred embodiments of the present invention
have been shown and described herein, 1t will be obvious to
those skilled 1n the art that such embodiments are provided
by way of example only. Numerous variations, changes, and
substitutions will now occur to those skilled 1n the art
without departing from the invention. It should be under-
stood that various alternatives to the embodiments of the
invention described herein may be employed in practicing
the invention. It 1s intended that the following claims define
the scope of the mvention and that methods and structures
within the scope of these claims and their equivalents be
covered thereby.

What 1s claimed 1s:
1. A method of treating cutaneous T cell lymphoma
(CTCL) 1 a human subject, comprising:

(a) 1solating nucleic acids from a skin sample obtained
from the subject by applying at least one adhesive patch
to a skin region of the subject in a manner suflicient to
adhere skin sample cells to the at least one adhesive
patch, and removing the at least one adhesive patch
from the skin sample 1n a manner suflicient to retain the
adhered skin sample cells to the at least one adhesive
patch, wherein the skin sample cells are substantially
free of melanocytes;
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(b) measuring gene expression levels of at least one target
gene comprising LEF1 by contacting the 1solated
nucleic acids with at least one probe that recognizes
nucleic acids corresponding to the at least one target
gene, and detecting binding between the nucleic acids
corresponding to the at least one target gene and the at
least one probe;

(c) determining that gene expression levels of the at least
one target gene are increased at least two-fold com-
pared to a control sample;

(d) 1dentifying the skin sample with the at least two-fold
increase in gene expression as being from a CTCL
lesion based on the determiming; and

(¢) administering a CTCL treatment comprising a steroid,

interferon, chemotherapy, phototherapy, radiation
therapy, a bone marrow transplant, or any combination
thereol based on the identifying.

2. The method of claim 1, wherein the nucleic acids
comprise mRNA.

3. The method of claim 1, wherein the cells comprise T
cells or components of T cells.

4. The method of claim 1, wherein the cells comprise
keratinocytes.

5. The method of claim 1, wherein applying the at least
one adhesive patch to the skin region of the subject in a
manner suilicient to adhere skin sample cells to the at least
one adhesive patch, and removing the at least one adhesive
patch from the skin sample 1n a manner suflicient to retain
the adhered skin sample cells to the at least one adhesive
patch comprises applying a plurality of adhesive patches to
the skin region of the subject 1n a manner suthicient to adhere
skin sample cells to each adhesive patch of the plurality of
adhesive patches, and removing each adhesive patch of the
plurality of adhesive patches from the skin region in a
manner suflicient to retain the adhered skin sample cells to
cach adhesive patch of the plurality of adhesive patches.

6. The method of claim 1, wherein the skin region
comprises a skin lesion.
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7. The method of claim 1, wherein the CTCL comprises
mycosis fungoides.

8. The method of claim 1, wherein the CTCL comprises
Sezary syndrome.

9. The method of claim 1, wherein the gene expression
level 1s increased as least 10 fold compared to a gene
expression level of an equivalent gene from a control
sample.

10. The method of claim 1, wherein the at least one target
gene further comprises a gene encoding a saposin-like
protein, a gene encoding a FYN-binding protein family
member, a gene encoding a TEC kinase family member, a
gene encoding a STAT, a gene encoding a TRAF3 1nteract-
ing protein, a gene encoding a CXC chemokine family
member, or a combination thereof.

11. The method of claim 1, wherein the at least one target
gene further comprises a first gene encoding a DNA-binding
protein and one or more of a gene encoding modulator of
cell death, a gene encoding an antimicrobial, a gene encod-
ing a cytokine, a second gene encoding a DNA-binding
protein, or a combination thereof.

12. The method of claim 1, wherein the at least one target
gene comprises at least two target genes.

13. The method of claim 1, wherein the at least one target
gene comprises at least three target genes.

14. The method of claim 1, wheremn i1dentifying has a
specificity of at least 70%.

15. The method of claim 1, wherein identifying has a
sensitivity of at least 70%.

16. The method of claim 1, wherein applying the at least
one adhesive patch to the skin region does not remove cells
from the basal skin layer.

17. The method of claim 1, wherein applying the at least
one adhesive patch to the skin region removes cells no
deeper than 100 microns from the skin surface.

18. The method of claim 1, wherein applying the at least
one adhesive patch to the skin region removes no more than
five layers from the stratum corneum.
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